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INTRODUCTION 


As  cottons  come  to  the  market  they  vary  in  factors  of  quality  which  are  not 
altogether  stable.     This  lack  of  stability  in  the  elements    of  quality  is  a 
serious  problem  in  standardizarion .     Therefore,  in  connection  with  the  work  of 
I  cotton  grade  standardization  a  study  of  stability  of  some  of  the  measurable 
^  factors  of  cotton  quality  was  initiated  during  1930  and  1931.     The  scope  of  this 
study  was  to  be  limited  to  a  consideration  of  color  and  such  other  factors  as 
c  might  explain,  or  be  associated  directly  or  indirectly  v;ith,  a  study  of  color 
''stability  in  cotton.     The  results  of  this  work  should  provide  information  ade- 
quate for  the  solution  of  color-instability  problems  that  arise  in  the  work  of 
cotton  grade  standardization. 

During  the  season  of  1930..  cotton  for  this  purpose  was  provided  by  the 
South  Carolina  Agricultural  Experiment  Station  at  Clemson  College.  In  1931  the 
work  was  expanded  to  include  material  from  the  following  additional  stations: 
the  Delta  Branch,  Mississippi  Agricultural  Experiment  Station  at  Stoneville; 
the  United  States  Field  Station  at  Bard,  Calif.;  and  the  Texas  Agricultural 
Experiment  Station  through  a  cooperative  agreement  whereby  the  Texas  station  was 
to  undertake  cooperative  studies  on  the  material  supplied  from  three  Texas 
substations  -  Temple,  Lubbock,  and  Chillicothe.  The  purpose  was  to  determine 
the  kind  and  amount  of  color  changes  in  cotton  and  to  study  the  extent  to  which 
changes  in  other  factors  of  quality  are  related  to  these  changes. 

 This  report  presents  in  preliminary  form  the  results  of  this  wortc  to  ddte . 

1/    This  prooect  is  a  part  of  the  prograit  jf  the  Cotton  Utility  and  Standards  Research  Section  which,  as  a  part  of  the 
Division  of  Cotton  Marketing,  is  in  charge  of  R.  W.  Webb. 


METHOD  OF  SETTING  UP  THE  STUDY 


No  accurate  information  seemed  to  be  available  regarding  stability  of 
various  factors  and  qualities  of  cotton.  It  is  said  on  the  one  hand  that  creamy 
cottons  bleach  out;  on  the  other  hand,  that  they  become  yellow.  Logically, 
both  statements  can  not  be  true  of  the  same  cottons  handled  in  the  same  way. 
Color,  since  it  is  an  important  grading  factor,  seemed  to  be  a  good  starting 
point  for  a  study  of  stability.  It  is  easily  measured  and  the  cotton  samples 
need  not  be  destroyed  in  the  process  of  measurement.  The  samples  necessary  for 
a  study  of  color  stability  would  also  provide  a  series  of  cottons  for  measure- 
ments of  color  factors  which  it  might  be  desirable  to  study  in  relation  to 
color  stability. 

Therefore  in  1933  a  preliminary  test  was  made  with  one  variety  of  cotton 
at  Clemson  College,  S.  C.  Its  purpose  v/as  to  discover  the  change  in  color  that 
takes  place  in  cotton  left  exposed  in  the  field. 

In  the  following  season  (1931-32)  five  varieties  were  studied.  One  of 
them  was  studied  by  m.eans  of  samples  that  had  been  grown  at  three  stations. 
The  purpose  this  time  was  fivefold:  To  study  the  change  in  color  of  cotton  lint 
caused  by  exposure  in  the  field,  as  in  the  previous  year;  to  study  the  change 
in  color  caused  by  late  opening  of  bolls;  to  study  the  color  of  cotton  opening 
at  or  after  a  heavy  frost;  to  make  comparisons  between  samples  of  a  single 
variety  grown  under  different  conditions;  and  to  make  tests  of  changes  in  the 
foregoing  samples  when  exposed  to  controlled  conditions  of  humidity,  light, 
heat,  and  other  such  environmental  factors  as  might  affect  the  color  of  the 
cotton. 

To  procure  material  for  these  studies,  essentially  the  same  procedure  was 
followed  each  year.  At  the  time  bolls  were  opening  profusely,  several  thousand 
of  the  newly  opened  bolls  were  tagged.  Beginning  on  the  date  of  tagging  and 
continuing  each  following  v;eek  as  long  as  tagged  bolls  remained  on  the  plants, 
30  were  picked  and  sent  to  Washington.  This  provided  material  for  the  study  of 
the  effect  of  field  exposure  on  the  color  of  cotton  lint. 

In  order  to  study  the  effect  of  late  opening  of  bolls,  a  separate  block 
of  cotton  was  picked  clean  of  all  open  bolls  at  the  time  the  first  tagging  was 
done.  Each  week  thereafter  all  bolls  that  had  opened  in  this  separate  block 
were  picked,  wrapped  separately,  and  identified,  and  were  sent  to  Washington  at 
the  time  the  tagged  bolls  were  sent. 

In  addition,  for  studying  the  color  of  frost-opened  bolls,  the  directions 
were  that  a  thousand  or  more  bolls  partially  opened,  cracked,  or  ready  to  open, 
were  to  be  tagged  at  the  time  of  the  first  killing  frost.  At  that  time  30  bolls 
were  to  be  sent  to  Washington;  30  more  were  to  be  picked  and  sent  each  following 
p;eek  until  the  supply  of  tagged  bolls  was  exhausted. 

Arrangements  were  made  to  have  copies  of  weather  data  reports  from  each 
station  sent  to  Washington. 
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In  1930  and  1931  the  cotton  received  from  South  Carolina  was  Super  Seven. 
From  the  Delta  Branch  Experiment  Station  at  Stoneville  the  variety  was  Missdel 
/4.  From  the  California-Arizona  district  the  cottons  v/ere  Pima  and  Acala.  From 
the  three  Texas  stations  the  cotton  was  a  strain  of  Triumph,  Ferguson  406.  The 
choice  of  variety,  except  in  the  case  of  Super  Seven,  was  made  by  the  station 
cooperating,  the  selection  in  each  case  covering  varieties  available,  or  of 
particular  interest,  to  that  station.  Considerable  other  work  of  a  detailed 
nature  ?/  has  been  done  on  Super  Seven  in  our  laboratories  and  since  it  is  a 
strain  (Strain  4)  of  a  representative,  purebred  AmeriCc^n  cotton  whose  repu- 
tation for  wilt  resistance  has  been  established,  its  use  was  requested  for 
this  study  also.  The  Texas  station  reports  that  Ferguson  Triumph  #406  was  se- 
lected because  of  its  uniformity  in  type,  having  been  line  bred  for  a  number 
of  years,  and  its  adaptation  to  conditions  in  the  western  part  of  the  State 
where  earliness   of  maturity  is  an  important   factor,    especially  at  Lubbock. 

COLOR  MEASUREMENTS 

As  the  cotton  was  received  in  the  Washington  laboratory  it  was  carefully 
sampled  and  the  lint  from  10  locks  (about  50  seeds)  was  pulled  off  the  seeds  by 
hand.  This  cotton  was  more  or  less  paralleled  and  was  placed  on  cards  to  give 
an  area  somewhat  over  4  inches  in  diameter,  with  the  fibers  packed  thick  enough 
so  that  no  background  color  would  show  through.  The  samples  are  comparable 
with  each  other  although  they  are  not  the  same  in  preparation  and  leaf  as  they 
would  be  if  they  had  been  machine  ginned. 

The  method  used  for  measuring  the  color  of  the  samples  has  been  described 
elsewhere  3/  4/.  Briefly,  it  consists  of  the  comparison  of  the  cotton  color 
with  that  of  a  set  of  standard  disks,  the  areas  of  which  may  be  changed  to  allow 
the  making  of  a  color  match.  For  cotton,  the  area  measured  is  usually  4  inches 
in  diameter,  the  match  being  made  through  a  colorimeter  at  which  an  observer 
sits  and  matches  the  top  and  bottom  halves  of  a  circular  observing  field.  By 
means  of  a  spinning  optical  wedge  the  standard  disk  colors  are  mixed  in  the 
proportion  in  which  they  are  exposed.  The  match  is  made  by  changing  the  disk 
areas  until  there  is  a  color  match  between  the  halves  of  the  observing  field. 
The  proportions  of  the  disks  exposed  are  then  recorded  and  the  figures  are  con- 
verted into  terms  of  hue,  brilliance,  and  chroma  3/.  The  results  of  several 
correlations  indicate  that  hue,  or  the  color  name  -  as  red,  yellow,  green,  blue, 
-  may  be  eliminated  from  consideration  in  cotton  work.  The  chief  factors  in 
grading  cotton  are  brilliance,  or  brightness  -  the  light-to-dark  quality  of 
colors;  and  chroma,  or  creaminess  -  the  amount  of  yellow  color  apparent  in  the 
fiber.  Each  of  these  color  qualities  may  be  expressed  in  an  arithm.etic  scale; 
brilliance  from  0  (black)  to  10  (white),  and  chroma  from  0  (neutrality  or  gray) 
t.o  10,  12,  or  14  (whatever  may  indicate  the  ultimate  strength  of  a  color,  10 
being  the  chroma  of  a  vermilion  red  pigment). 


2/  Farr,  Wanda  K.  -  Cotton  Fibers.  I.  Origin  and  Early  Stages  of  Elongation.  Contributions  from  Boyce  Thompson 
Inst.,  vol.  3,  No.  3,  pp  441-458,  1931. 

3/  Nickerson,  Dorothy  -  A  Method  for  Determining  the  Color  of  Agricultural  Products.  Tech.  Bull.  154,  U.S.D.A.,  1929. 
4/  Nickerson,  Dorothy  -  Application  of  Color  Measurement  in  the  Grading  of  Agricultural  Products.  Mimeographed 
Report,  U.S.D.A. ,  1932.  (See  page  28  for  discussion  regarding  tolerances  in  terms  of  brilliance  and  chroma  for 
"seeing  the  color  of  cotton.) 
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FIGURE  I  -  COLOR  CHANGE  IN  COTTONS  ACCORDING  TO  THE  LENGTH  OF  TIME  EX- 
POSED IN  THE  FIELD.     RAINFALL  IS  ALSO  INDICATED. 

A   DISCUSSION    OF  THIS    CHART    IS    FOUND    IN  THE  TEXT.      ThE    CHIEF  POINTS 

ARE:  (I)  The  Upland  cottons  tested  at  time  of  opening  are  fairly  con- 
stant   IN    BRifiHTNESS;    (2)    UPLAND    COTTONS   AT  TIME    OF   OPENING    VA.RY  GREAT- 
LY   IN    AMOUNT    OF    CREAMINESS    OR    CHROMA;    (3)    THE   C RE AM  I E R    COT TO N S    SEEM  TO 
HOLD   THEIR    BRIGHTNESS   BETTER   THAN   THE   WHITER   COTTONS;    (4)    IN   MOST  CASES 
THERE    SEEMS   A    HIGH    CORRELATION    OF   AMOUNT    OF   RAINFALL  WITH    CHANGE  IN 
BR  I GHTNESS. 


Measurements  of  Samples  Exposed  in  the  Field 

To  show  the  trend  of  color  change,  Figure  1  is  presented.  On  each  graph 
included  in  this  figure  the  brilliance  change,  the  chroma  change,  and  the  cumu- 
lative rainfall  (on  an  inverted  scale)  are  plotted  against  the  time  that  the  cot- 
ton was  exposed  in  the  field, 

The  brilliance,  or  brightness,  of  the  upland  cottons  is  about  the  same  to 
start  with.  Pima,  not  an  upland  cotton,  is  somewhat  darker.  In  a  general  way 
it  may  be  observed  that  the  brilliance  change  seems  to  bear  some  relation  to 
the  amount  of  rainfall,  a  closer  relationship  being  found  in  cottons  that 
lose,  or  do  not  have  much  chroma  or  creaminess. 

Against  this  factor  of  constant  brightness  at  time  of  opening,  the 
amount  of  creaminess  varies  with  the  cotton  under  consideration.  The  three 
cottons  from  Texas  are  the  same  variety,  yet  Chillicothe  -  or  west  Texas  - 
has  more  creaminess  at  the  beginning  of  the  season  and  loses  its  color  more 
slowly  than  do  either  of  the  other  two  cottons  of  the  same  variety,  even  though 
it  had  more  rainfall.  The  color  in  the  cotton  from  Lubbock  changed  very  lit- 
tle; it  did  not  have  as  much  creaminess  at  the  first  of  the  season  as  did 
Chillicothe.  It  retained  a  higher  brightness  at  the  end  of  the  season,  and 
that,  together  with  the  retention  of  considerable  of  its  yellow  color,  gave  a 
result  at  the  end  of  the  season  better  than  was  shown  in  several  of  the  other 
cottons  examined.  (On  these  charts  which  show  the  relative  amounts  of  brilliance 
and  chroma,  it  is  not  possible  to  indicate  grade,  but  in  later  figures  these 
color  changes  will  be  translated  into  relative  terms  of  grade.)  The  Temple 
cotton  had  considerable  creamy  color  for  the  first  few  weeks  after  opening, 
but  beginning  with  the  sample  received  the  fourth  week  after  opening,  the  chroma- 
or  amount  of  yellow  color  -  dropped  very  quickly  to  a  low  and  more-or-less  con- 
stant level. 

Against  these  three  cottons  that  started  out  with  considerable  creami- 
ness, a  cotton  from  the  Delta  district  at  Stoneville  may  be  compared.  The 
brightness,  as  with  all  the  other  upland  cottons  considered,  is  high  at  the 
beginning  of  the  season.  But  the  cotton  has  very  little  creaminess.  It 
therefore  looks  "whiter"  than  the  creamy  cottons  with  which  it  is  compared. 
And  even  the  small  amount  of  creaminess  that  it  does  have  is  not  retained  if 
the  cotton  is  exposed  in  the  field.  It  is  soon  reduced,  as  may  be  seen  from 
the  downward  trend  of  the  line  indicating  chroma. 

Another  cotton,  taken  from  the  East,  grown  at  Clemson  College,  S.  C.  . 
shows  a  similar  "whiteness",  or  lack  of  yellow  color,  at  the  beginning  of  the 
season.  This  cotton  seems  to  show  considerably  more  irregularity  of  change 
than  the  other  cottons,  but,  in  part  at  least,  this  is  owing  to  the  yellow 
color  of  the  Clemson  soil  which  clings  to  some  of  the  cotton.  The  chief  color 
difference  between  these  two  cottons  is  not  in  chroma  but  in  the  rate  with 
which  brightness  is  lost.  The  Stoneville  cotton  loses  brightness,  week  by 
week,  the  change  being  slow  and  fairly  regular:  the  Clemson  cotton  loses  its 
brightness  more  rapidly.  This  rapid  change  is  not  merely  a  chance  happening  of 
samples  during  one  season.  A  comparison  of  1930  with  1931  samples  from  Clemson 
indicates  that  such  a  change  took  place  during  both  years. 


-  5  - 


Against  these  cottons  already  measured  and  recorded,    it  seems  desir- 
able to  compare  cottons  grown  under  irrigation.     In  that  way  something  may  be 
seen  of  the  part  that  rainfall  and  excessive  sunshine  play  in  changing  the 
color  of  cotton.    An  Acala  cotton,  grown  in  the   California-Arizona  district, 
shows  little  brightness  change  over  a  period  of  several  weeks;  chroma,  how- 
ever, dropped  very  rapidly,     For  comparison,   a  Pima  cotton  grown  at  the  same 
place  was   included  in  the  study.    The  brightness  of  the  Pima  was  never  so 
great  as  that  of  the  other  cottons,  but  under  irrigated  conditions  it  upholds 
its   brightness  very  well.     Its   chroma,    a  characteristic   yellow  color,  was 
high  during  the  first  few  weeks  of  the  season,  but  soon  dropped  to  give  a  color 
much  "whiter"  than  that  thought  of  as  the  characteristic  color  of  American- 
Egyptian  cottons. 

The  change  depicted  on  each  of  these  seven  graphs  in  Figure  1  is  a  change 
measured  in  a  different  sample  picked  on  successive  weeks  from  the  same  field  of 
cotton,  the  cotton  having  been  tagged  when  the  bolls  were  first  opened  in  order 
to  insure  that  the  time  of  exposure  would  be  meaaured  from  a  constant  base. 

All  of  these  samples  were  picked  by  hand  and  the  fibers  were  separated 
from  the  seed  by  hand.  They  therefore  lack  the  normal  leaf  content  for  the  vari- 
ous grades.  They  lack  also  the  ginning  preparation  which  aids  a  classer  in 
identifying  the  grade  of  any  cotton  sample.  However,  despite  difficulties,  the 
samples  were  graded,  and  since  these  grades  are  in  general  agreement  with  the 
grade  that  would  be  given  as  a  result  of  conversion  of  laboratory  measurement, 
the  grades  are  shown,   on  a  basis  of  color  measurements,   in  Figures  2  and  3. 

Figure  2,  which  reminds  one  of  a  small  airplane,  is  in  reality  a  minia- 
ture color  chart.  On  it  the  general  relationship  of  the  grades  is  plotted. 
The  figure  was  drawn  up  by  plotting  the  average  color  measurements  in  terms 
of  brilliance  and  chroma  for  each  of  the  official  standards  for  grade  and  color 
of  cotton,  on  a  chart,  and  then  drawing  the  best  connecting  line  through  each 
class  and  grade  of  cotton.  For  example,  smooth  curves  drawn  through  the  bril- 
liance and  chroma  measurements  for  the  Extra  White,  for  the  Tinged,  and  for  the 
Stained  grades  were  found  to  be  approximately  parallel,  while  lines  drawn  to  be 
as  close  to  an  many  as  possible  of  the  brilliance  and  chroma  measurements  of  the 
Good  Middlings,  Strict  Middlings,  etc.  provided  a  series  of  straight  lines 
parallel  to  each  other.  The  second  set  of  lines  crossed  the  first  set,  as  in- 
dicated on  charts,  and  thus  provided  a  basis  for  the  chart.  The  curved  effect  on 
the  chart  is  necessary  in  order  to  indicate  the  real  color  relationship  of  the 
grades.  The  high  grades  are  brighter  and  creamier  (or  yellower)  than  the  lower 
grades  of  the  same  class.  The  average  for  each  of  the  White  grades  falls  with- 
in the  block  assigned  to  it;  it  is  not  always  in  the  center.  Figure  3  elimi- 
nates all  but  the  White  grades  in  order  that  the  samples  that  do  not  fall  within 
these  grades  may  be  shown  in  their  relation  to  the  White  grades.  The  scale  in 
Figure  3  is  smaller  than  that  in  Figure  2  but  is  in  the  same  proportion. 

The  color  of  individual  samples  of  Ferguson  Triumph  #406  received  week 
by  week  from  Chillicothe,  Texas,  is  shown  in  Figure  2.  The  numbers  indicate 
the  number  of  weeks  each  sample  was  exposed.  The  general  results  indicate 
that  samples  picked  during  the  first  few  weeks  have  the  color  of  Strict  Midd- 
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FIGURE  3  -  COLOR  CHANGE  OF  SAMPLES   IN  RELATION  TO  GRADE. 

On    each    of   THESE    6   GRAPHS    THE    COLOR    IS    SHOWN    |N    THE  SAME 
RELATION    AS    ON    FIGURE    2.      ThE    GENERAL    POSITION    OF    SEVEN  WHITE 

GRADES,  Good  Middling  to  Good  Ordinary,   is  shown  in  order  that 

THE    color    relationship    OF   THE    INDIVIDUAL    SAMPLES    TO  THESE 

White  grades  may  be  apparent.     The  figures  accompanying  the 

CROSSES    indicate    THE    NUMBER    OF   WEEKS    EXPOSURE    BEFORE  PICKING. 

There  is  a  decided  variation  in  grade  from  high  to  low  in  all 

OF   the    GROUPS,    BUT    THE    ACALA    AND    PiMA    COTTONS    NEVER    BECAME  AS 
dark    AS    OTHER    COTTONS,    UNDOUBTEDLY    BECAUSE    OF   LACK    OF  RAIN- 
FALL.    Pima  cotton,   not  an  upland  variety,    is  graded  on  stand- 
ards FOR  American  Egyptian  cotton,  but  the  Pima  samples  re- 
ceived   FOR   THIS  TEST   ARE    SHOWN    HERE   SO    THAT   THEY    CAN   BE  COM- 
PARED   FOR    COLOR   WITH    THE    OTHER    COTTONS.       P 1  MA    IS    CREAMIER  AND 
DARKER   WHEN    IT    FIRST    OPENS    (THAN    THE    UPLAND    COTTONS)    BUT,  IN 
THE   TEST,    ON    EXPOSURE    IT    LOSES    MUCH    OF    ITS    CREAMINESS.  ThERE 
IS    A    DIFFERENCE    BETWEEN    THESE    SEVERAL    SERIES    OF    COTTONS  IN 
AMOUNT    OF    YELLOW    COLOR    NATURAL    TO    EACH.      WHILE    SOME  SAMPLES 
ALMOST    COINCIDE    WITH    THE    WHITE    STANDARDS,    OTHERS    ARE  DIS- 
TINCTLY   ON    THE    "white"    SIDE,    THAT    IS,    TO    THE  LEFT. 
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ling  White  cotton.    As  the  weeks  go  by  the  color  changes  until  the  cottons 
finally  are  "below  grade".    For  the  most  part  these  Chillicothe  samples  fall 
within  the  range  of  the  White  grades. 

In  Figure  3  A  the  Lubbock,  Texas,  samples  of  the  same  variety  are  shown. 
Not  as  many  samples  were  received  from  Lubbock  as  from  Chillicothe  but  the  trend 
is  about  the  same  except  that  the  cottons  are  in  general  a  bit  on  the  white  or 
gray  side  of  the  White  standards,  some  of  them  actually  getting  over  into  Extra 
White  and  Gray  grades. 

The  Temple,  Texas,  samples  (still  the  same  variety)  in  Figure  3  are 
still  whiter;  none  except  the  very  first  samples  having  color  within  the  range 
of  the  White  boxes. 

The  grouping  of  the  samples  in  this  last  chart  may  or  may  not  be  sig- 
nificant, but  it  is  worth  noting,  since  the  same,  but  less  definite,  group- 
ing can  be  detected  in  several  of  the  other  charts.  In  this  paper  there  is 
no  intention  of  discussing  possible  causes  for  the  changes  indicated,  but 
it  is  suggested  that  it  would  not  be  improbable  to  find  physiological  causes 
for  these  jumps  that  appear  to  take  place  as  the  color  of  the  cotton  changes. 
There  seem  to  be  three  distinct  groups  of  color. 

In  Figure  3  C  the  cottons  shown  are  considerably  whiter  than  the  White 
grades.  These  are  samples  of  Missdel  #4  from  the  Delta  district  at  Stoneville, 
Miss.  The  brightness  of  the  first  several  samples  is  very  high  -  higher  than 
the  average  of  the  Good  Middling  White  box.  (A  horizontal  line  drawn  anywhere 
on  the  chart  indicates  cottons  of  equal  brightness;  if  a  sample  is  toward  the 
right  of  the  chart  on  such  a  line  it  is  of  equal  brightness  but  of  greater 
chroma  or  creaminess  than  a  sample  further  toward  the  left  of  the  chart.) 

Samples  of  Super  Seven  from  Clemson  College,  S.  C.  are  plotted  in 
Figure  3  D.  These,  like  the  Delta  samples,  are  whiter  than  the  White  standards. 
They  are,  on  the  whole,  not  quite  so  bright,  even  for  the  first  few  samples, 
as  the  Delta  samples,  although  they  are  equal  in  brightness  to  the  Strict 
Middling  and  Good  Middling  White  grades.  The  last  several  samples  are  far 
below-grade  in  color,  which  would  indicate  that  it  is  particularly  im.portant 
that  this  cotton  be  picked  within  the  first  month  or  so  after  opening.  The 
late-picked  samples  have  a  peculiar  dark-gray  streak  in  them,  the  cause  of 
which  has  not  yet  been  identified.  Such  a  streak  has  appeared  in  the  late- 
picked  samples  for  both  1930  and  1931. 

The  Acala  cottons  from  Bard,  Calif,  plotted  in  Figure  3  E,  are,  with 
the  exception  of  the  first  sample,  whiter  than  the  White  grades.  The  bright- 
ness of  the  first  few  samples  does  not  seem  so  great  as  the  brightness  of  the 
Delta  cottons.  Nor,  on  the  whole,  are  the  samples  as  white  as  the  Delta  cot- 
tons measured. 

The  Pima  cotton  from  Bard,  Calif,  is  plotted  in  Figure  3  F  in  its  color 
relation  to  the  Upland  cottons.  Pima  cottons  are  graded  according  to  standards 
for  American-Egyptian  cotton,  therefore  the  grades  indicated  in  the  figure 
should  not  be  applied  to  this  cotton.  However,  it  may  be  seen  that  this  cot- 
ton loses  its  outstanding  color  -  which  is  creamier  and  darker  than  that  of  the 

—  Q  — 


upland  cottons  -  after  it  has  been  open  in  the  field  for  only  a  few  weeks.  The 
brightness  remains  fairly  constant  for  some  time,  but  there  is  a  loss  of  chroma. 
Note  again  the  rather  distinct  separation  of  t')ese  samples  into  three  groups. 

.  The  seven  graphs  included  in  Figures  2  and  3  indicate  the  relation  to 
standard  grades  of  the  color  changes  that  take  place  owing  to  exposure  in  the 
field.  As  pointed  out  previously,  the  grades  assigned  to  these  samples,  be- 
cause of  lack  of  normal  leaf  content  and  ginning  preparation,  are  not  the  same 
as  they  would  be  if  these  cottons  had  been  handled  commercially.  But,  since 
the  changes  indicated  here  are  entirely  due  to  color  rather  than  to  trash,  the 
grades  assigned  err  on  the  conservative  rather  than  on  the  liberal  side.  If 
the  samples  had  normal  leaf  content,  the  grade  would  be  even  lower. 

Measurements  of  Cottons  Maturing  Week  by  Week  During  the  Season 

The  second  portion  of  the  study  had  to  do  with  bolls  opening  week  by 
week.  The  purpose  was  to  see  what  difference  might  exist  between  cottons 
opening  early  and  opening  late  in  the  season.  Only  a  few  places  had  much 
cotton  that  continued  to  open  week  after  week.  The  information  is  hardly 
enough  on  which  to  base  conclusions,  but  it  is  presented  in  Figure  4.  It  is 
hoped  that  more  information  regarding  this  part  of  the  study  may  become  avail- 
ble  during  the  1932  season. 

Measurements  of  Cottons  Opening  by  or  After  Frost 

The  third  portion  of  the  study  had  to  do  with  bolls  opening  by  or  after 
a  killing  frost.  In  1931  only  those  samples  indicated  in  Figure  5  were  re- 
ceived, From  this  figure  it  is  evident  that  the  samples  from  Chillicothe 
which  opened  at  or  after  frost  are  very  yellow.  (High  chroma  for  these 
cottons  m.eans  a  high  amount  of  yellov/.)  The  samples  of  Acala  cotton  are  also 
rather  yellow.  They  become  yellower  for  a  period  of  a  month  (Nov.  28  to  Dec. 
26),  then  begin  to  lose  chroma.  The  Pima  cotton  does  not  seem  to  be  yellower 
when  opened  by  frost  than  when  opened  normally  at  the  first  of  the  season. 


COLOR  OF  WEATHERED  RAW  COTTON  AS  AN  INDEX  OF  OTHER  ELEMENTS  OF  QUALITY 

The  purpose  of  this  study  was  to  determine  the  kind  and.  amount  of  color 
change  that  takes  place  in  cotton  exposed  to  varying  conditions  and  to  study 
the  extent  to  which  changes  in  other  factors  might  be  related  to  or  associated 
with  these  changes.     It  is  possible,    to  use  one  example,   that  those  factors 
which  have  a  detrimental  effect  upon  the  color  of  raw  cotton  during  exposure 
in  the  field  may  also  have  a  detrimental  effect  on  other  elements  of  quality. 
If  this  should  be  the  case,  color  might  prove  a  rough  index  of  such  other  qual- 
ity elements;  it  would  not  be  the  cause  but  might  be  used  as  a  secondary  indi- 
cation.    In   order   to   discover   whether   such    relations   exist,    the  strength, 
length,   and  moisture  regain  were  examined  in  relation  to  the  length  of  time 
the   samples   were   exposed.     The    information   given   in    the   several  following 
figures  may  be  taken  to  indicate  only  rough  trends  since  the  study  was  set  up 
primarily  for  the  determination  of  the  color  change  rather  than  to  test  these 
other  possibilities.     As  the  material  offered  a  convenient  opportunity  to  pro- 
care  some  information  in  this  direction,  a  limited  amount  of  work  has  been  done. 
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FIGURE  4  -  COLOR  OF  COTTONS  OPENING  WEEK  BY  WEEK  UNTIL  LATE  IN  THE 
SEASON. 

Brightness  of  the  cottons  (brilliance     — )  seems  on  approximately 

THE    SAME    level    IN  THE    FIRST   PICKINGS,      LuBBOCK,    StONEVILLE,    ACALA,  AND 

Pima  samples  seem  to  get  darker  as  the  season  advances.    These  cottons 

DO    NOT   have    a    definite   TREND    AS   THEY   HAVE    IN    FIGURE    I.  CONSIDERABLE 
VARIATION    IN    CREAMINESS    OF  COTTONS    IS    INDICATED,    BUT    NO    DEFINITE  TREND 
IS    APPARENT,    ALTHOUGH    ChILLICOTHE   SEEMS  TO   LOSE    CREAMINESS,    AS  DOES 

Lubbock;  Stoneville  seems  to  gain  creaminess  the  later  it  opens.  The 
last  acala  sample  is  very  creamy,  but  the  fact  that  this  particular 
sample  opened  after  frost  probably  accounts  for  this  sudden  change. 
Pima  seems  to  lose  creaminess.    Thus  there  is  no  trend  in  a  single 
d i  recti  on . 
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FIGURE  5  -  COLOR  OF  COTTONS  OPENED  AT  FROST  TIME  AND  ALLOWED  TO  REMAIN 
IN  THE  FIELD  WEEK  AFTER  WEEK. 

The  amount  of  yellow  tinge  or  stain  in  the  Chillicothe  samples  is 

high,  as  shown  BY  THE  SOLID  LINE.  ThERE  IS  VARIATION  WEEK  BY  WEEK, 
owing  to  the  FACT  THAT  WHILE  SOME  LOCKS  ARE  VERY  YELLOW,  OTHERS  ARE 
WHITE,  AND  THE  PROPORTION  OF  YELLOW  AND  WHITE  BOLLS  IS  NOT  THE  SAME 
EACH  WEEK.  ThE  TREND  IN  BRIGHTNESS,  AS  THESE  COTTONS  REMAIN  IN  THE 
FIELD,  IS  DOWNWARD;  THAT  IS,  THEY  BECOME  DARKER  THE  LONGER  THEY  ARE 
EXPOSED.      The    AcaLA    samples    seem   to   GET   YELLOWER    AND    YELLOWER  FOR 

several  weeks,  and  then  the  trend  is  toward  reduction  of  yellowness. 
The  Pima  cotton  does  not  seem  to  be  yellower  when  opened  by  frost 

THAN   when    opened    NORMALLY    AT   THE    FIRST    OF    THE  SEASON. 
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strength  and  Length  Tests 


In  Figure  6  the  results  of  a  series  of  strength  tests  are  shown.  The 
strength  measurements  5/  v/ere  made  on  10  bundles  of  fibers  from  each  lot  of 
cotton.  Each  bundle  was  made  of  fibers  from  a  single  seed.  Thus  only  fibers 
from  10  seeds,  picKed  at  random,  are  included  for  each  lot.  The  method  of 
strength  measurement  is  a  long,  tedious  process,  and  whi.le  the  results  show 
numbers  of  ups  and  downs  (which  are  undoubtedly  the  result  of  the  sampling 
method)  they  do  not  show  enough  of  ^  definite  trend  to  warra.nt  the  measurement 
of  many  more  sam.ples  for  this  study.  The  results  are  expressed  in  terms  of 
1,000  pounds  per  square  inch.  If  there  is  a  trend,  it,  is  one  of  reduced 
strength  as  the  cotton  remains  exposed  in  the  field  for  longer  and  longer 
periods  of  time. 

The  leng+h  measurements  6/  were  calcula.ted  from  two  fiber  array?  7/ 
of  each  cotton  innluded  in  the  1  en9;th  study,  Ten  seeds  were  selected  at 
ranf^om  from  the  30-bon  samples  sent  to  the  laboratory  from  the  field,  Read- 
ing from  the  longest  fibers,  the  length  at  the  25  per  cent  point  by  weight 
in  the  ar^^a.y,  hgs  been  adopted;  that  is,  25  per  cent  of  the  fibers  by  weight 
are  equal  to  or  longer  than  the  selected  basis.  An  exam.ination  of  the  length 
information  shown  in  Figure  6  will  indicate  no  definite  trend  regarding  a 
change  of  length  with  time  of  exposure. 

A  comparison  of  the  length  and  strength  data  brings  out  the  fact  that 
the  longer  cottons  of  these  series  are  definitely  stronger  than  the  shorter 
cottons.  This  is  m  line  with  general  observations  after  a  study  of  many 
cottons  in  tne  cotton-testing  laboratories.  j_It  also  brings  out  the  fact  that 
the  cottons  opening  after  frost  are,  in^all  cases,  longer  than  other  samples 
of  the  same  variety,  and  stronger  than  other  samples  picked  late  in  the  season 
from  the  same  field.  This  may  best  be  seen  by  reference  to  Fignre  6  in  which 
the  frost  cottons  are  shown  in  relation  to  the  regular  series  exposed  in  the 
field. 

No  length  or  strength  measurements  have  yet  been  made  on  the  series 
of  samples  opening  week  by  week  late  into  the  season.  However,  in  regard 
to  similar  material,  reference  may  be  made  to  the  work  of  Armstrong  and 
Bennett  8/  at  the  South  Carolina  Experiment  Station  at  Clemson  College.  In 
a  report  not  yet  pub  ished  on  length  measurements  made  by  the  same  general 
method   on    r.he   same   Clemson   cotton   they  state   that   in   one   of   their  experi- 


5/    Chantitpr,    K.    E.    -   A  Mew  Method   for  De  +  Rrraining   the  Stro.neth   of  Cotton.     Mimeographed  Report.    U..S.D.A.  1926, 
(Details  of  method  subsequently  revised,  not  yet  published.) 

6/  Webb.  R.  W.  -  The  Suter-Webb  Cotton  Fiber  Duplex  Sorter  and  Lhe  Resulting  Method  of  Length- Variability  Measure- 
ments.    Prooee:lings  of  American  Society  for  Testing  Materials,  Phila.  vol.  32,  part  II,  1932, 

7/  These  arrays  were  made  by  7/.  W,  Copithorn  with  the  cooperation  of  F.  L.  Gerdes.  in  charge  of  the  cotton  ginning 
Investigations  of  this  Bureau  at  Stoneville.  Miss.  Mr,  Gerdes  also  cooperated  in  conducting  moisture  tests  for  this 
study, 

8/  Armstrong.  G.  M.  andC.  C.  Bennett.  -  Some  Factors  Influencing  che  Variability  in  Length  of  Cotton  Fibers  on  Indi- 
vidual   Plants   as   Shown  by  the   Sorter   Method.     Unpublished   manuscript,  cited   by   permission   of    the    authors.  1932. 
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ments  the  bolls  produced  from  late  blooms  had  shorter  lint  than  bolls  which 
flowered  a  week  earlier  and  that  there  v/as  a  greater  percentage  of  short 
fibers  in  bolls  which,  although  they  bloomed  on  the  same  date,  opened  at 
a  later  date  (58  days  against  75.1  days).  They  also  found  that  the  "posi- 
tion of  the  boll  along  the  vertical  axis  or  the  horizontal  axis  does  not 
seem  to  be  of  very  great  importance  in  determining  the  length  of  lint,  though 
there  is  a  distinct  tendency  for  shorter  lint  to  be  produced  near  the  top 
of  the  plant  when  grown  in  the  field." 

Moisture  Regain  of  Samples  Exposed  in  Field 
for  Selected  Periods 

To  discover  whether  the  ability  to  absorb  moisture  was  affected  by  ex- 
posure, that  is,  whether  samples  picked  before  exposure  were  able  to  absorb 
more  or  less  moisture  than  those  picked  after  long  exposure  in  the  field,  or 
whether  any  one  series  of  cottons  as  compared  with  any  other  showed  such  a 
tendency,  a  series  of  moisture  tests  was  made.  Exposure  affected  the  color 
of  the  cottons:     did  it  also  affect  the  moisture  absorbing  qualities? 

For  this  test  every  fourth  sample  -  that  is,  cotton  picked  every  fourth 
week  for  each  of  the  seven  cottons  received  -  was  used.  Small  samples,  weigh- 
ing about  8  grams,  were  placed  in  small  tin  cans  under  constant  humidity 
and  temperature  in  the  Washington  laboratories  (62  wet  bulb,  70°  relative  hu- 
midity) to  condition.  There  they  remained  for  approximately  three  days.  The 
covers  of  the  individual  cans  were  then  put  on  and  sealed,  and  the  entire  lot 
was  shipped  to  the  moisture-testing  laboratory  of  the  Experimental  Ginning 
Plant  at  Stoneville,  Miss.  There  9/  the  samples  were  weighed,  dried  to  a 
bone-dry  condition,  reweighed,  and  returned  to  Washington  in  sealed  containers. 
At  the  Washington  laboratories  the  samples  were  again  exposed  to  conditions 
of  constant  humidity  and  temperature  for  about  three  days  and  were  then  re- 
weighed.  Two  lots  of  samples  were  sent  to  Stoneville  in  order  to  see  that  the 
readings  checked. 

In  Figure  7  the  results  of  the  test  are  given.  The  moisture  regain  was 
figured  on  a  basis  of  a  bone-dry  weight  of  100  per  cent.  The  black  bars 
on  the  chart  indicate  the  range  of  moisture  regains  found  for  different  sam- 
ples of  the  same  cotton.  The  numbers  on  each  bar  indicate  the  weeks  that  the 
cotton  remained  in  the  field  before  picking.  They  are  placed  in  the  order  of 
percentage  regain,  and,  as  may  be  seen,  give  no  evidence  of  any  regularity 
of  change  in  ability  to  take  up  moisture.  Some  samples  that  remained  in  the 
field  all  winter  showed  more  ability  to  take  up  moisture  than  did  samples 
that  were  picked  early;  in  other  cases  the  influence  of  the  time  factor  seemed 
to  be  just  the  reverse.  Nor  does  there  seem  to  be  any  real  difference  among 
the  series  of  samples  used;  they  were  all  about  6  to  7  per  cent.  The  only 
item  that  does  show  up  is  the  fact  that  the  regain  figured  on  the  weight  after 
drying,  with  the  possible  exception  of  Pima,  is  slightly  less  than  it  is  when 
figured  on  a  basis  of  weight  before  drying. 


9/  These  tests  were  made  under  the  direction  of  George  W.  Pf ei f f enberger .  in  charge  of  the  moisture  tests  at  Stone- 
ville, Hiss. 
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The  rate  of  regain  on  several  of  these  cottons  is  also  being  studied, 
but  up  to  the  present  the  results  ha*e  shown  nothing  of  importance.  When 
the  work  on  this  subject  is  completed  it  may  be  that  there  v/ill  be  more  con- 
clusive information. 

Weather  Data 

No  detailed  study  has  yet  been  made  regarding  the  relation  of  weather 
to  the  color  of  cotton.  Records  of  rainfall  and  temperature  were  kept  at 
each  station  where  the  cotton  reported  upon  was  grown.  The  amount  of  rain- 
fall has  been  cumulatively  plotted  on  an  inverted  scale  in  Figure  1.  The  in- 
version was  made  because  there  seems  to  be,  in  most  cases,  a  high  correlation, 
between  increasing  amounts  of  rainfall  and  decreasing  brightness,  a  relation 
which  is  readily  apparent  when  the  scales  selected  were  used. 

The  maximum  and  minimum  temperatures  at  each  station  are  available  for 
the  information  of  any  student  who  may  need  it  for  further  study  of  this  problem. 
There  is  no  evident  correlation  with  color  change,  yet  further  studies,  after 
another  year's  work  is  completed  may  throw  more  light  on  this  point. 

The  hours  of  sunlight  during  the  period  of  exposure  will  be  used  in 
studying  weather  effect  insofar  as  such  records  .are  available. 

The  weather  data  for  the  California-Arizona  district  came  from  Yuma, 
just  across  the  State  line  from  Bard,  Calif.,  the  station  from  which  the  cot- 
ton was  supplied. 

COLOR  STABILITY  OF  COTTON  AFTER  EXPOSURE  TO  HEAT 

The  next  problem  was  to  study  what  happens  to  these  cottons  in  the 
laboratory.  Are  they,  in  the  state  in  which  they  are  picked,  stable  or  un- 
stable in  color? 

At  Room  Temperature 

After  the  first  measurements  of  each  cotton  were  made,  the  samples  were 
carefully  filed  in  boxes  that  would  keep  the  measured  faces  from  contact  with 
other  samples.  The  boxes  were  kept  in  the  color  laboratory  where  the  tempera- 
ture varied  with  the  degree  of  heat  in  the  building.  Once  a  week,  for  approxi- 
mately six  months,  these  samples  were  put  under  constant  humidity  and  tempera- 
ture overnight,  and  were  measured  for  color  in  the  laboratory  on  the  next  day. 
After  the  first  six  months  the  time  between  measurements  was  increased  to  two 
weeks  and  then  to  four  weeks.  At  the  time  this  preliminary  report  is  written 
the  samples  have  all  been  periodically  measured  for  ten  weeks,  most  of  them  for 
twenty  weeks,  and  many  of  them  for  very  nearly  a  year.  Such  measurements  will 
continue  for  a  period  of  several  years,  to  give  a  basis  for  understanding  what 
time  will  do  to  the  color  of  cotton  exposed  to  no  unusual  conditions.  Results 
for  the  first  10  or  20  readings  are  shown  in  the  series  of  seven  graphs  at  the 
left  of  Figure  8. 


The  heavy  solid  line  on  each  of  the  graphs  in  this  figure  shows  the 
general  trend  of  color  change  caused  by  exposure  in  the  field.  The  top  of 
the  line  represents  the  color  of  the  first  samples  received  of  each  cotton. 
As  the  cottons  were  picked  week  by  week  the  resulting  samples  lost  much  of 
their  creaminess  and  became  darker.  These  trend  lines  are  smooth  curves  drawn 
to  represent  the  changes  shown  by  the  individual  samples  in  Figures  2  and  3. 

The  short  arrow-headed  lines  dravm  from  this  series  of  charts  in  the 
column  marked  "Room  Temperature"  represent  the  amount  and  kind  of  color  change 
that  seems  to  take  place  on  the  average  for  samples  stored  at  room  temperature. 
The  first  arrow  on  each  short  line  represents  the  average  change  in  measurement 
10  weeks  after  the  first  measurement  was  made.  The  second  arrow  on  the  same 
chart  represents  the  difference  in  measurement  20  weeks  after  the  first  measure- 
ment was  made.  The  short  lines  themselves,  as  they  are  attached  from  the  top 
of  the  heavy  solid  line  to  the  bottom  of  it,  indicate  the  relative  time  of 
exposure:  the  further  down  on  the  line  the  arrow  projects,  the  later  the  sample 
was  picked.  There  is  a  very  slight  but  quite  definite  trend.  Samples  stored 
at  room  temperature  lose  a  trace  of  their  original  brightness;  most  of  the 
samples  also  lose  a  trace  of  their  original  creaminess.  Whether  this  de- 
pends upon  the  original  color  of  the  cotton  (that  is,  whether  creamy  or  v/hite 
cotton)  and  whether  the  small  amount  of  handling  as  the  cotton  is  measured  time 
after  time  is  the  cause  of  this  slight  change,  are  still  questions.  After  work 
has  teen  done  on  samples  that  have  been  in  storage  two  or  more  years,  the  re- 
sults of  this  phase  of  the  study  will  be  more  conclusive  than  they  are  now. 

At  133°  F.,  Lint  and  Seed  Cotton,   for  Three  Months 

Lint'  cotton  -  In  general  practice  cotton  is  subjected  to  many  other 
conditions  of  temperature  besides  room  temperature,  even  to  such  extremes  as 
hot  tin  roofs  in  the  summer  or  unheated  warehouses  in  freezing  weather.  Two 
studies  were  therefore  outlined  -  one  at  high  temperature  and  one  at  low  tem- 
perature. 

As  a  part  of  the  high-temperature  study,  a  series  of  samples,  picked 
four  weeks  apart,  was  selected  for  testing  after  subjection  to  heat.  Half 
of  each  sample  was  delinted  by  hand  (that  is,  the  fibers  were  separated  from 
the  seed  by  hand);  the  other  half  was  kept  in  the  seed. 

A  paraffin  embedding  oven  was  available  in  the  laboratory  which  could 
be  controlled  at  56°C,  equal  to  about  133°  F.  The  samples  were  placed  in  this 
oven  where  they  remained  for  three  months.  At  the  end  of  that  time  they  were 
removed,  conditioned  overnight  at  constant  temperature  and  humidity,  and  mea- 
sured in  the  color  laboratory. 

In  the  second  vertical  column  of  Figure  8,  the  first  arrow  on  the  dotted 
lines  indicates  the  amount  of  color  change  that  took  place  compared  v/ith  the 
original  color  of  the  samples.  All  of  the  samples  became  yellower  than  they 
were  originally,  but  they  did  not  become  equally  yellow.  The  three  Texas 
samples  seemed  to  gain  about  the  same  amount  of  yellow  color.  The  Super  Seven 
cotton  from  South  Carolina  gained  considerably  more  color  than  the  others. 
It  may  or  may  not  be  significant  that  this  cotton  was  considerably  whiter  in 

(-turn  to  page  20-) 
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FIGURE  8  -  COLOR  STABILITY  UNDER  VARIOUS  CONDITIONS  OF  HEAT 

(See  legend  on  next  page.) 


Legend  for  Figure  8 


These  graphs  are  drawn  to  the  same  scale  as  those  in  Figures  2  and  3. 
and  color  changes  are  indicated  in  the  same  way;  all  light  colors  are  at  the 
top  of  each  chart  with  the  darker  colors  at  the  bottom;  all  yellow  colors  are 
to  the  right  of  each  chart  with  the  whiter  and  grayer  colors  to  the  left. 

The  solid  black  line  indicates  the  general  trend  of  color  change  due  to 
exposure  in  the  field.  Cottons  that  opened  about  the  same  time  Vv'ere  picked 
week  by  week,  and  the  color  trend,  as  these  cottons  changed  from  bloomy  white 
cottons  to  darker,  lower  grades,  is  shown  by  the  solid  black  lines.  The  dif- 
ferent cottons  vary  in  creaminess  at  the  start,  although  the  brightness  is  about 
constant  at  the  start.  The  Acala  and  Pima  cottons  show  little  brightness  change, 
doubtless  because  of  lack  of  rainfall  and  the  frequent  v/etting  of  the  bolls 
which  took  place  in  the  other  cottons. 

In  the  first  vertical  series  of  graphs  the  cottons  are  exposed  to  room 
temperature  only.  The  individual  weekly  samples  were  measured  v/eek  by  week,  and 
the  instability  trend  as  shown  by  the  10th  and  20th  week's  measurements  is  in- 
dicated by  the  short  arrowheads.  The  general  trend  was  towards  a  slight  loss 
of  color.     There  is  also  a  slight  loss  in  brightness. 

The  trend  of  change  shown  in  the  second  series  of  vertical  graphs  in- 
dicates one  which  is  caused  by  the  heating  of  certain  of  the  lint  samples  for 
three  months  at  133°F  in  a  paraffin  embedding  oven.  The  first  arrow  on  each 
line  indicates  the  relative  change  from  the  original  color  which  was  apparent 
immediately  after  the  cotton  was  removed  from  the  oven.  The  second  arrow  in- 
dicates a  measurement  made  10  weeks  later.  In  general,  this  series  of  charts 
shows  a  distinct  increase  or  yellowing  of  the  cotton,  with  a  continuation  of 
the  yellowing  as  the  cotton  remains  in  the  laboratory  at  room  temperature. 

The  third  series  of  graphs  represents  a  test  for  a  series  of  samples, 
similar  in  every  respect  except  that  they  were  not  removed  from  the  seed.  The 
general  frend  of  color  change  for  seed  cottons  heated  to  133°F  is  about  the 
same  as  that  of  the  lint  cotton.  Any  difference  between  the  two  series  of 
graphs  seems  to  indicate  that  the  cotton  that  was  delinted  before  storing  at  a 
high  temperature  becomes  even  more  yellov^r  than  the  seed  cotton  that  had  not 
been  similarly  stored. 

The  fourth  series  of  graphs  indicates  the  change  caused  by  heating  to  a 
higher  temperature.  (The  samples  were  not  scorched.)  The  cottons  were  delinted 
and  placed  in  a  conditioning  oven  where  they  remained  for  approximately  five 
days  at  about  230°F.  It  is  apparent  that  heating  to  such  a  temperature  induces 
a  high  color  in  the  cotton,  which,  even  after  10  weeks  at  room  temperature, 
tends  to  increase  slightly. 

-  19  - 


the  beginning  than  the  Texas  cottons.  The  second  arrow  indicates  any  additional 
change  that  took  place  within  the  next  10  weeks  of  storage  at  room  temperature. 

Seed  cotton.  -  At  the  same  time,  and  in  the  same  oven,  seed  cotton 
of  each  of  the  lint  lots,  was  heated.  It  was  taken  out,  the  fibers  v/ere  pulled 
off  the  seed  by  hand,  and  measured  in  the  same  v/ay  that  the  lint  cotton  was 
measured . 

The  results  are  indicated  in  the  third  vertical  column  on  P'igure  8. 
The  general  trend  of  color  change  for  the  seed  cotton  is  about  the  same  as 
it  was  for  the  lint  cottons.  If  there  is  a  difference  it  leans  toward  the 
lint  samples,  that  is,  the  lint  cottons  seem  to  have  gained  slightly  more  chroma 
than  the  cotton  heated  in  the  seed.  The  second  arrow  indicates  a  measurement 
taken  10  weeks  after  the  cotton  was  removed  from  the  oven. 

The  change  in  brightness  indicated  on  all  of  these  charts  accompanies 
the  change  in  chroma.  In  other  words,  as  samples  become  a  deeper  yellow, 
they  also  become  darker.  This  is  in  agreement  with  results  found  in  prac- 
tical classing  work,  for  a  Good  Middling  White  cotton  is  brighter  than  a  Good 
Middling  Yellow  Tinged  cotton  which,  in  turn,  is  brighter  than  a  Good  Middling 
Yellow  Stained  Cotton. 

At  230°  F,  Lint  Cotton,   for  Five  Days 

The  cottons  heated  at  133°  F  showed  enough  color  change  to  make  it 
seem  desirable  to  know  v/hat  would  happen  if  the  cotton  v/ere  subjected  to  a 
higher  temperat.ure .  A  similar  series  of  samples  was  delinted  by  hand  and 
placed  in  a  conditioning  oven  at  230°  F,  the  highest  heat  that  could  be  reg- 
ulated in  this  oven.  There  they  remained  for  five  days.  Then  they  were  re- 
moved from  the  oven,  conditioned  overnight,  and  measured  in  the  color  labo- 
ratory. Without  exception,  the  samples  gained  considerably  more  color  than 
those  heated  at  133°  F.  Many  of  the  samples  came  out  with  the  color  of  Yellow 
Stained  cotton.  All  of  them  had  at  least  as  much  color  as  the  heavy  Spotted 
or  Yellow  Tinged  grades,  There  seem.ed  to  be  a  difference  in  the  amount  of 
color  that  the  different  kinds  of  cotton  gained.  The  yellower  Texas  cottons 
did  not,  on  the  a.verage.  gain  as  much  as  did  the  whiter  cottons.  The  white 
cotton  from  the  Mississippi  Delta  gained  the  most  color.  The  one  sample  tested 
of  Acala  also  gained  a  great  deal  of  color. 

Measurements  10  weeks  afterwards  indicated  a  possible  slight  continued 
increase  in  color  for  most  of  the  samples  -  at  least  there  was  no  trend  toward 
loss  of  this  yellow  color  in  that  length  of  time. 

OTHER  TESTS 

At  the  time  this  report  is  written  a  series  =;irailar  to  this  one  (that 
was  heated)  has  been  subjected  to  varying  degrees  of  refrigeration.  Another 
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series  has  been  exposed  through  the  late  spring  and  summer  months  to  sunlight 
through  a  series  of  color  filters,  some  of  the  samples  being  regularly  mois- 
tened. 10/  The  results  will  be  reported  at  a  later  date. 

As  any  study  of  color  stability  in  cotton  must  be  carried  on  over  a 
period  of  years,  the  information  available  as  a  result  of  this  year's  work 
is  merely  preliminary  in  nature.  During  the  1932-33  season,  samples  from 
Texas,  under  the  cooperative  agreement  of  1931-32.  will  be  received  from 
Chillicothe,  Lubbock,  and  Temple.  Will  these  sam-ples  change  in  the  same  way? 
Presumably  they  will  show  the  same  general  tendencies,  yet  varying  weather 
conditions  may  give  different  amounts  or  degrees  of  change.  Already  some  of 
the  first  samples  have  been  received.  There  is  a  small  but  evident  difference. 
Samples  from  Stoneville  (two  varieties,  Missdel  #3  and  #4)  will  be  included  in 
the  1932-33  material.  Two  year's  material  on  Super  Seven  has  already  been  re- 
ceived from  Clemson.  The  samples  of  irrigated  cotton  have  been  ommited  from 
1932-33  because  the  differences  and  comparisons  for  1931-32  seem  to  be  evident 
enough  for  the  present.  It  is  probable  that  several  phases  of  this  stability 
study  will  be  gone  into  more  intensively  at  a  later  time.  At  present  it  seems 
more  important  to  survey  the  general  trends  of  stability  than  to  study  the  de- 
tails . 

Before  the  work  is  finished  it  will  be  necessary  to  make  tests  regard- 
ing the  percentage  of  thick  and  thin  walled  fibers,  and  weight  per  unit  length 
of  samples  exposed  in  the  field  for  varying  lengths  of  time.  Information  so 
gained  should  show  conclusively  whether  samples  exposed  to  weather  damage  for 
several  months  before  picking  are  injured  or  changed  in  respect  to  the  percent- 
ge  of  thick  and  thin  walled  fibers  and  in  weight  per  unit  length.  Careful 
studies  of  the  relation  between  weather  and  the  properties  of  weather-exposed 
cotton  are  necessary.  Examinations  should  be  made  regarding  exposure  to  ultra- 
violet light,  and  regarding  the  fluorescing  powers  of  the  different  cottons. 
Samples  should  be  studied  in  polarized  light;  they  should  be  exposed  to  heat, 
with  humidity  controlled;  microscopic  examinations  should  be  made  for  fungi, 
spots,  and  stains.  All  of  these  studies  should  be  made  before  the  work  is  con- 
sidered complete.  Chemical  analyses  to  discover  causes  of  these  changes  comprise 
still  another  series  of  tests. 


SUMMARY 

To  determine  the  kind  and  amount  of  color  change  in  cotton  and  to  study 
the  extent  to  which  other  factors  are  related  to  these  changes,  a  series  of 
seven  cottons  from  different  parts  of  the  Cotton  Belt  was  examined.  One  cotton 
was  examined  for  the  1931  season;  six  other  cottons  were  added  for  the  study 
of  1932  cottons. 

A?">  the  cotton  remained  open  and  exposed  in  the  field  the  color  and 
grade  were  lowered.  The  chief  points  are  that:  (1)  Upland  cottons  at  time  of 
opening  were  fairly  constant  in  brightness;  (2)  upland  cottons  at  time  of  open- 
ing varied  greatly  in  amount  of  creaminess  or  chroma;  (3)  the  creamier  cottons 
held  their  brightness  better  than  did  the  whiter  cottons,  and  (4)  in  most  cases 
there  seemed  to  be  a  high  correlation  between  amount  of  rainfall  and  change  in 
brightness . 


10/  Because  of  better  laboratory  facilities  these  exposures  have  been  made  through  the  courtesy  of  the  Boyce  Thompson 
Institute  at  their  laboratories  in  Yonkers.  N.  Y.  by  Mrs.  Wanda  K.  Farr,  a  membp"  of  the  Division  of  Cotton  Marketing 
stationed  at  that  Institute. 
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Day4  presented  regarding  color  differences  shown  by  cottons  opening 
early  and  late  in  the  season  are  an  inadequate  basis  for  conclusions  regard- 
ing the  effect  of  time  of  opening. 

The  color  of  cottons  opening  at  or  after  a  killing  frost  are  compared 
with  the  color  of  other  cottons.  The  data  in  this  case  are  not  sufficient  for 
making  definite  conclusions. 

Length  and  strength  tests  on  samples  of  the  seven  cottons  are  presented. 
No  definite  trend  of  change  with  time  of  exposure  is  shown.  A  relation  does 
seem  to  exist  between  the  long  cottons^  and  the  strong  ones.  Moreover,  the 
cottons  that  opened  after  frost  are,  in^all  cases,  longer  than  other  cottons 
of  the  same  series;  they  are  also  stronger  than  other  cottons  picked  late  in 
the  season  from  the  same  field. 

The  percentage  of  moisture  regain  gives  no  evidence  of  any  regularity 
of  change  in  ability  to  absorb  moisture  v/ithin  any  single  series,  nor  does 
there  sesr^m  to  be  any  real  difference  among  the  series  of  samples  used. 

Cotton  kept  at  room  temperature  shows  very  little  change  in  color  in 
10  or  even  in  20  weeks.  The  samples  did  lose  a  trace  of  their  original  bright- 
ness, and  most  of  them  lost  a  trace  of  their  creaminess. 

Cottons  kept  at  a  temperature  of  approximately  133'  F  for  a  period  of 
three  months  gained  creaminess.  Seed  cottons  as  well  as  lint  cottons  were 
tested,  with  little  difference  in  result.  The  difference  that  did  exist  in- 
dicated that  the  cotton  heated  in  the  seed  did  not  gain,  on  the  average,  quite 
so  much  color  as  did  the  cottons  that  were  removed  from  the  seed  before  heat- 
ing. 

Cottons  heated  at  230°  F  for  several  days  showed  a  still  greater  in- 
crease in  amount  of  yellow  color;  some  of  the  cottons  which  were  white  in  the 
beginning  gained  enough  color  to  make  them  as  yellow  as  the  Yellov/  Stained 
grades.  The  White  cottons  seemed  to  gain  more  color  chan  those  that  were 
originally  creamy. 

Other  tests,  including  refrigeration  and  tests  under  filters  of  se- 
lected wave  lengths,  are  being  made.  Still  other  tests  are  planned.  It  is 
planned  to  make  results  available  as  rapidly  as  the  tests  are  completed. 

This  first  preliminary  report  gives  the  results  to  date  of  a  study 
of  stability  of  color  in  raw  cotton  and  studies  of  associated  factors. 
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Vn  a  s  a  1.  n  s  t  o  n ,  D .  G . 
October  lv4l 


COLOK  STABILITY  IN  liA\i  COTTON 
II.    STOKAGL  TLSTS  1/' 

By  Dorothy  Nickerson,  Oolor  Technologist, 
Agricultural  Marketing  Service 

Any  lack  of  stability  in  elements  of  quality  is  a  serious  proble;n  in  stanaara- 
iiation,  and  because  color  is  a  major  factor  in  the  standardisation  of  raw 
cotton,  color  studies  have  been  carried  on  for  several  years  in  the  Agriculfcurul 
Marketing  Service  in  connection  with  cotton  stanaaraiiation  and  graaing  probleias 

The  present  study  was  unaertaken  because  perioaic  rej^orts  received  m  tne 
Department  regarding  changes  in  the  color  of  baled  cotton  hela  m  storage  indi- 
cated a  lack  of  color  stability  in  that  cotton.    There  were  times  mien  a  con- 
siderable charige  in  grade  was  reported.     But  because  the  grading  of  cotton  j.s 
a  fine  art  —  that  depends  upon  a  clascer's  sKill,  his  accurate  eye  and  Keen 
color  memory  —  rather  than  a  science  vi/hich  depends  upon  measurements  that  can 
be  repeated,  such  reports  have  never  been  accompanied  by  information  from  v«hicn 
it  might  be  possible  to  ascertain  tne  nature  o.nd  extent  of  the  reported  color- 
change  . 

In  contrast  to  reported  increases  in  color  and  such  other  changes  as  cause 
cottons  to  be  graded  Spotted  instead  of  White  after  several  years  of  warehouse 
storage,  tradition  and  experience  indicate  that  many  spotted  cottons  do  not  re- 
tain their  spots  under  storage.    In  fact,  although  there  have  been  many  requests 
for  the  development  of  physical  standards  for  graaes  of  spotted  cottons,  the 
Department  of  Agriculture  has  been  unwilling  to  attempt  this  for  no  one  has  been 
able  to  tell  which  cottons  will  change,  or  how-  much  chdnge  is  to  be  expected. 

As  a  beginning  tovvards  gatiierlng  information  to  ansv/er  soiiie  of  these  questions, 
a  very  simple  sort  of  study  has  been  made,    results  after  a  ii-year  period  of 
storage  for  12  different  cottons,  are  definite  in  several  respects:  first, 
under  some  conditions  cottons  in  storage  a^-  incre^^se  in  col^^r  by  an  all-over 
tinged  effect j  second,  spots  in  white  or  light  spotted  cottons  are  very  unstable 
tending  generally  to  decrease  in  nuinber  ana  size  vixth  increasea  storage  of  the 
cotton.    The  degree  and  kind  of  cho.nge  are  sn^^un  in  tne  tables  ij.ncl  ciiarts  in- 
cluded in  this  report. 

Previous  Ooior  Stability  Stuaies 

in  1933  the  first  report  on  stuoj.es  of  st-^biiity  o.t  color  m  raw  cotton  \a.s 
published.!/    It  had  to  do  prim.arily  with  the  effect  of  exposure,  being  based 
on  results  of  a  cooperative  stuay  of  tne  color  cxL^nge  i-iiich  resulted  when  cot- 
ton bolls,  after  opening,  were  left  unpicKed  ana  exposea  xn  tne  lic;ld  to  natural 

1/    This  is  Part  II  of  a  study  on  color  stability  m  ra;-:  cotton.     Tne  i'irst 
report  —  Studies  of  Stability  of  Color  m  Rum  Cotton  —  by  Dorothy  i^Jiciterson 
and  Leona  Dilv.orth  Milstead,  was  mimeographed  and  issueo  as  a  preliiidnary  report 
by  the  Bureau  of  Agricultural  Lconomics  in  1933.     (22  pj^.,  3  figs.) 
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xi/eather  conditions,  only  part  of  tne  bolis  being  picked  e£.ch  week.  Results 
of  the  stuay  snov/ed  tnr.t  U>>lc.na  cottons  at  the  time  of  boll  opening  are 
fairly  constant  in  L^rilliance ,  but  vary  gre;..tiy  in  aegree  of  creaminess  or 
chro:naj*v  that  the  creamier  or  yellower  cottons  hola  tneir  briiii.^nce  under 
exposure  to  weather  better  than  do  the  waiter  cottons ^  and  tivat  a  high  corre^ 
lation  exists  between  the  amount  of  rc^infull  L.nd  cnunge  in  brxlliance  oi  tiie 
cotton  after  exposure,    oamples  of  the  cottons  in  this  test,  wnen  ktipt  at 
room  temperature  after  picking,  shov;ea  little  change  in  color  in  10  or  even 
kO  vjeeks.     When  kept  ^.t  high  temperature  (.both  on  ana  off   the  seea)  they  in- 
creased in  chroma,    nn  extreme  change  occuri'ed  v^ith  the  whiter  cottons,  the 
gain  in  cnroma  v;hen  heatea  in  o  drying  oven  for  :.everu.l  d.-^ys  at  <i30OF  being 
enough  to  make  them  as  aeep  a  yellow  ;.^s  the  old  yeilow-stamea  gr^j-OcS. 

Since  the  publication  of  the  first  report,  collection  of  data  concerning 
color  change  in  the  cottons  used  in  the  ori{^in.-il  t-^st  has  be^n  continu'--,a. 
Samples  of  these  cottons,  ktpt  for  several  months  undur  ref rigeration^^at 
5*-",  10*^5  and  15°C,  showed  no  marked  color  change.     Samples  of  the  So.me  cot- 
tons were  exposed,  in  a  greenhouse j^/to  sunlight  througn  filters  selectee 
to  isolate  several  viavel-ongth  banas  in  the  visible  spectrum.    Kt-'Sults  snovved 
th;u.t  sam.>les  exposed  under  yellovv  u.nd  oraxige  filters  see;riea  to  change  more 
tn..iH  those  exposed  unaur  green  and  blue  filters.     Tnis,  hovj^ver,  mu:y  have 
been  tne  result  of  mcre^^sed  heat  due  to  the  relatively  higher  infra  red 
transmission  by  the  yellov,  ana  orange  filters,  rather  than  to  change  Cc-used 
specifically  by  particular  wavelength  oands  of  the  visiole  spectruin. 

Present  Test 

In  regard  to  the  present  test  it  v^as  decioed  in  the  labor... tor^  to  survey  the 
job  on  a  small  enough  scale  so  that  stubies  couia  be  hanalea  witnout  nev/ 
funds  or  large  supplies  of  cotton.    Obviously,  v.ithout  funds  allocatea  to  a 
special  color  stability  project,  bales  stored  in  various  types  and  locations 
of  v\/arehouses  coula  not  be  stuaiea.     Since  color  change  is  a  problem  in 
standardization,  and  since  cotton  graae  stanaards  are  prepi.red  m  a  definite 
size  of  package,  it  was  deciaea  to  use  this  package  for  th.e  test.  Re^jlicate 
boxes  "Were  prepared  with  1;^:  samples  in  each,    boxes  were  strappea  in  groups 
of  three  J  the  top  ana  Dottom  boxes  were  sealed  tight,  ana  the  miaaie  box  was 


2/    Color  may  be  described  in  terms  of  tnree  visual  qualities  or  uiiuensions 
hue,  brilliance,  ana  chroma. 
Hue  is  the  nci.me  of  a  color,  as  red,  yellovv,  green,  etc. 
brilliance  is  definea  as  the  degree  of  lightness  or  d^^rKiiess  on  a  sc<-.ae 
oi'  visually  equal  steps  from  black  at  tne  0  ena  oi'  the  sco.ie  to  wiiite  at 
10.    Ligiitness  is  synonymous  with  brilliance. 

Chroma  is  defined  as  the  strength  or  intensity  of  color  —its  aegree  of 
departure  from  a  gray  of  tue  Scx.iie  brilliance.    The  scale  oi  chroma  begins 
at  gray^  which  is  0  chroma,  ana  extends  outvi-ard  b^'  increasing  numbers.  A 
very  strong  ysllow  oi'  a  strong  reu  laay  be  as  mucli  as  /ik  or  /I4  in  chroina, 
but  raw  cotton,  even  m  a  deep    allow  stain,  '..ill  seiaom  t.xtend  beyond 
in  chroma. 

^    In  1932,  at  Boyce  Thompson  institute  througii  the  coarteCj'  of  Dr.  John 
A.  ArLiiur  c.nd  i.irs.  Wanaa  K„  l-arr. 
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punched  vxith  air  holes  just  belov/  tne  cover  so  that  there  couid  be  sorae  cii'cu- 
lation  of  air.     It  was  intendea  that  the  top  box  woula  be  returned  lor  measure- 
ment in  2  years,  and  the  other  two  boxes  of  each  set  after  5  years'  storage. 
Groups  of  these  boxes  were  sent  to  15  widely  scattered  points  throughout  the 
country  for  storage  in  sample  rooms  and  Vi/arehouses .    Lists  of  tne  1-c  cottons 
used  (6  varieties,  1st  and  2na  pickings  of  each)  and  the  15  storage  points,  are 
given  in  tables  1  and  2.^ 


Table  1,   —    Cottons  used  in  storage  test 


'  Code 

Variety- 

!  Locality 

iHarvesI 

ing 

Mo  i  S"tur  e  \ 

staple 

1  Gradei/ 

Color  measurement 

letter 

i  grown 

bate  jStage 

content  i 

i!rii- 
liance 

Ch.ro  £na 

i  A 

Wilson  type 

Wilson,  Ark. 

1  9/18! 
110/7  1 

1st 
2nd 

9.8  i 

7.9  1 

15/16 
31/32 

^  

i  5 

!  5 

1 

8.74  +.04 
8.69  +.05 

1.61  +.07 
1.56  +.05 

Cook  307-92 

Prattville.Ala. 

j  i 

1-8/31, 

9/24  : 

1st 
2nd 

12.5  1 
10.5  : 

7/8 
7/8 

1 

i  5 

i  6 

8.57  +.05 
8.50  +.06 

1.72  +.06 
1.63  +.07 

;  C 

I 

Stoneville 

Stoneville, Miss, 

i      ,  \ 

i  9/2  ; 

|lo/4-7 

i  \ 

i 

1st  : 
2nd  \ 

1 

10.3  ! 

7.4  j 

1-1/8 
1-3/32 

i 

i  5 
1  6 

8.82  +.05 
8.67  +.09 

1.53  +.07 

1.43  ±.05 

i 

D 

i 

Kasch 

Edray,  Tex. 

\  7/22 1 

\  6/8  j 
i 

1st  ; 

2nd  ; 

I 

1 

10.8  ! 

8.0  ' 

i 

1-1/32 
15/16 

5-10    18.69  1:.07 
5     18. 71  +.05 

1 

1.96  +.06 
1.90  +.07 

1  E 

Acala(  Fhaf tep) 

Sacaton,  Ariz. 

!  1 

j :  ! 

( 

1st  i 
2nd  ; 

i 
i 

j 

1 

1-1/16 
1-1/32 

3      is. 88  +.04 
4-10    I8.80  +.08 

1.77  +.09 
1.81  +,09  ; 

i 

1 

Pima 

Sacaton,  Ariz, 

i  ; 

i    "  i 
1  1 

i 

1st  j 
2nd 

1 

-  ! 

i 

i 

1-9/16 
1-9/16 

#2  ! 

i 

8.30  +.09 

8.37  +.04i 

i 

2.81  +.16  I 
2.67  +,12  j 

Cottons  A  -  D  were  supplied  f  om  the  U.  S.   Ginning  Laboratory  at  Stoneville,  Miss, 

Cottons  E  and  F  came  from  the  U.  S.  field  station  at  Sacaton,  Ariz, 

\j  Grades  of  Upland  cottons  are  white  except  where  noted  at  10' s  (light  spotted); 


grades  of  Pima  are  based  on  American-Egyptian  stajidards. 

These  cottons  vvere  of  tlie  1935  crop.     They  were  prepared  and  sni^jpea  out  xn  tne 
spring  of  1936.    Each  lot  of  the  12  cottons  used  in  preparing  tne  replicate  boxes 
was  carefully  inspected  by  the  Appeal  Board  ci  the  Service  to  be  sure  that  it  "was 
of  the  sa-ae  grade  triroughout,  and  representative  samples  were  measured  in  the 
Color  Measurements  Laboratory  to  be  sure  taat  tne  color  was  regular.    After  the 
Doxes  were  made  up,  each  ;;as  photographed,  all  spots  were  circlea  on  the  photo- 
graphs, and  each  box  ana  photograph  vjas  rev±ewea  b;y  the  Appeal  board  ana  tiie 
Color  Laboratory  for  auplxcation  of  grade  ana  a  count  was  m.ade  of  the  number  of 
spots  before  the  boxes  were  shippea. 


IT    Our  thanks  art  hereby  expressed  to  the  several  com;nercial  \?arehouses  .-■no 
cooperated  by  storing  test  boxes  ana  to  those  in  charge  of  tne  Division's  lit^la 
classification  offices  who  coopera.tea  by  storing  samples  in  tneir  classing 
rooms . 
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Tilbie  '(L.  — Stora.ge  locu.tions 


Code 
No. 

1  —   ■-  

Location 

r 

Storea  at 

Vieather  data  ^ 
April  lv3b  —  April  194-L 

Average 
teraperu-ture 

Average 

X  cr  _LCl  L»  X  V  c 

huiTiiaity 

Oilice 

i('»arehouse 

Max. 

ivixn. 

1 

NeviT  Bedford,  Mass. 

/ 

■■ 

59.0 

42 . 2 

57 

i\ievv  X  orK  O-Li-y 

.  / 

V 

/ 

60.6 

45.7 

58  J 

3 

Vvashington,  D.  C. 

s/  -J 

Ul .  3 

r-  "5  1 

.  I 

Charleston,  S.  C. 

V 

73.6 

5..1 

i 

5 

Atlc.nta,  Ga. 

71.7 

51.2 

55  i 

6 

Memphis,  Tenn. 

/ 

/ 

70.5 

54.1 

57  1 

7 

Mobile ,  iila . 

76.2 

jO  .  1 

8 

New  Orleans,  La. 

y 

/  i77.5 

62.1 

i 

bl  ; 
t 

9 

Austxn,  Tex. 

/ 

v/  i78.1 

i 

57.6 

54  1 

10 

Dallas,  Tex. 

/ 

/ 

75.1 

56.0  \ 

11 

Galve  ston ,  Tex . 

/ 

7.^.5 

64.7 

70  1/  1 

li 

Houston,  Tex. 

x/'2J 

v/ 

77.8 

o0.7 

P7  1 

13 

£1  -Paso,  Tex. 

77.0 

5<:.5 

32 

U 

Phoenix,  Ariz. 

85.7 

58.0 

2V 

15 

San  Pedro,  Calif. 

1 

73. b 

5:^.9 

1 

48  j 

1/    Heather  data  'from  Cliraatological  Data,  U.  8.  Heather  Bureau.  Kexi^tive 
humidity  is  given  for  near-noon  observations.    Data  for  Houston  ana  Galveston 
taken  at  8:00  a.m.  are  in  reverse  order:    Galveston  84,  iiouston  8b.  Huini-Ciit/ 
data  for  Mobile  at  noon  available  for  only  3  years  out  of  the  5-year  perioG. 
2/    At  the  beginning  of  this  study  it  was  intended  that  samples  wouia  be  kept 
in  the  laboratory  at  controlled  conditions  of  temperature  and  huiniaity,  but 
laboratories  v;ere  moved  v/ithin  a  year  and  controlled  conditions  were  not  estab- 
lished in  ne"»*  laboratories  until  too  late. 
3/    One  box  (of  three)  returned  empty. 
ij    Three  boxes  disappeared  in  warehouse. 
_2/    Three  boxes  destroyea  by  fire, 
b/    One  box  returneu  emjjty . 

In  the  spring  of  1938  one  box  v;as  recallea  from  each  storage  place.    The  boxes 
were  opened,  c..nd  the  samples  v.^ere  compared  visutilly  by  the  Appeal  Board  and 
were  meccsurea  for  color  in  the  laborator;y .     Tne  samples  v.ere  compared  uitn  the 
photographs  to  see  ^^nether  the  number  ana  the  size  of  spots  had  chc^ngea.  Tne 
Appeal  Board  found  evidence  of  cnange  in  the  <;na  picking  of  Acala  cotton. 
Color  readings  indicated  that  there  was  some  cno.nge  in  the  cottons.  Cottons 
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stored  at  certain  Texas  joints  tenciea  to  be  a  triile  more  ^ei±ow  tno,n  tnose 
stored  elsewhere.    Kecoras  of  s^ots  showed  tnat  many  or  tnem  haa  diSdjjpeai ea. 
But  since  none  of  these  differences  was  large,  it  seemed  best  to  ^ait  to  con- 
iirm  the  results  until  after  longer  storage. 

In  the  spring  of  19^1  the  remaining  boxes  were  recalledo    ugain,  tne  samples 
were  visually  coraparea,  Sjjots  were  counted  ana  checked  with  the  original  jjho- 
tographs,  and  c^ll  samples  were  measured  for  color.     Tne  average  results  are 
shovm  graphically  in  figures  1-b. 

Average  Results 

Figure  1  shows  color  measurements,  iigure  k  shovvs  increase  m  yellov«ncSS  as 
found  by  classer  \^hen  comparing  vvith  the  »aiitest  box  of  tne  series,  and  figure 
3  shows  change  in  number  of  s^^ots  —   all  as  they  relate  to  tne  varxeties  of 
cottons  mcluaed  in  the  test,  a  1st  ^nd  xnd  picking  of  each.     Color  moasure- 
ments  are  made  in  terms  of  hue,  brilliu.nce,  ana  chroma .£/ 

Because  the  nue  of  Upland  cottons  is  so  nearly  constant,  only  brilliance  ^nd 
chroma  are  plotted  in  tne  color  mecisurements  shown  in  figure  1.    iis  the  il- 
lustrations show,  there  is  a  very  considerable  original  aifference  betvveen  some 
of  the  varieties.     The  outstanding  and  most  important  diiference  on  tne  chart, 
regardless  of  the  original  color,  is  the  increase  in  chroma  for  all  cottons 
that  were  stored,  the  difference  gener.^lly  being  accompanied  by  a  decrease  in 
brilliance.    Lxctpt  for  the  ncala  cotton  {h) ,  the  chroma  increase  is  not  great 
for  k  years,  but  after  5  years'   stoi-cj.ge  tht;  increase,  as  com^jared  v^itii  tne 
original  chroma,  is  marked  in  all  cases.       A  aifference   of  more  than 
0.15  is  significant.    Tne  direction  of  cn^-^nge  is  the  s^me  in  all  cases,  but 
the  2nd  picking  of  rain-grovvn  cottons  aid  not  seem  to  change  quite  as  much  as 
the  1st  picking.     The  greatest  change  is  snovvn  oy  the  Acala  cotton  (h),  the 
least  by  the  <.nd  picking  of  the  Mississippi  cotton  (C). 

The  direction  ana  relative  amount  of  change  shown  in  tne  cJiroma  plot  in  figure  1 
is  generally  substantiated  by  the  data  for  visual  comparisons  m  figure  2.  Tne 
data  for  this  chart  i,^ere  basea  on  visu^^l  comparisons  made  by  the  Appeal  board 
and  by  the  author.     The  whitest  box  in  tne  series  was  set  up  cS  a  key  box,  ana 
each  of  the  otner  boxes  were  compared  with  it,  samj_.le  by  sample,  lor  each  of 
the  12  positions  in  each  box.    The  inaex  for  scale  oi  judgment  is:    No  differ- 
ence, Oj  slightly  yellovver,  1^  yellower,  2>  yellower-jjlus,  3?  mucn  yellower,  4^ 
slightly  whiter,  -Ij  whiter,         etc.    a  juag^ment  of  "possibly  yellower"  is 
placed  between  0  and  1.    The  Doxes  were  judged  in  no  particular  oraer,  and  no 
one  kneiA  v/here  the  box  haa  been  stored  until  after  tne  juugments  were  made, 
from  figures  1  and  ^,  the  over-all  change  m  color  hj  varieties  may  be  studiea. 
iill  the  varieties  of  cottons  increased  m  color  unaer  storage,  but  some  in- 
creased more  than  others.     The  base  line  lor  figure  <.  is  tht  same  as  the  top 
of  the  solid  black  base  in  figure  1.    Keejjfng  this  in  mina  it  can  be  seen  tnat 
the  maximum  differences  are  for  tne  Acaia  cottons,  particularly  the  2na  ^^icking, 
and  the  minimum  differences  are  for  the  2nd  picking  cotton  grown  m  iviississip^i . 
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In  figure  3  only  spots  are  consxaerea.    The  numoer  oi'  Sjjots  in  eacn  sample 
of  each  box  v;as  counted  at  the  beginning  of  the  test  and  a  jjencj.ied  ring 
Vifas  made  on  the  photograjjh  arouna  eacn  of  tne  SpOts.    vv'nen  tne  cotton  ii.as 
returned  in  1933  each  box  was  cojiipcired  \^±th  an  actual-sx2,B  photograph  of 
it  taken  in  i93b.     hnen  the  Spot  haa  dxsappeareQj  the  ring  was  cancelea  on 
the  photograph.     Il  spots  haa  aeveloped  in  pierces  not  previously  markea, 
they  ftere  indxcatea.     Tne  same  proceaure  v/as  iollovveQ  in  lv4i  ±or  all  tiie 
boxes  in  the  test,  for  those  returnea  to  Ivashxngton  in  1938  as  well  as  lor 
those  returned  in  1:^41.     It  snoala  be  remeifiberea  that  all  the  cottons  in 
this  test  were  originally  graaea  either  white  or  vevj  iignt  spobtcQ.  Tnere-  • 
fore  there  were  not  many  spots  on  the  surfa.ce  of  an^  sainple,  but  taose  tnat 
appeared  varied  in  number  from  0  to  6.^    tsecause  tne  relative  number  of 
spots  for  each  sample  varied  a  great  aeal,  and  in  oraer  txiat  relative  u- 
mounts  of  change  coula  be  stuciied,  tne  results  were  rGCiucca  to  percentcges. 

As  may  be  seen  from  figure  3,  the  relative  number  of  spots  ciecrcasea  m  all 
varieties,  for  both  1st  and  <nd  pickings,    hithm  .c  years  tne  ram-grovm 
cottons  (A-D)  lost  from  6p  to  100  percent  of  taeir  spots,    xilthough  there 
was  an  increase  in  number  of  spots  in  the  cottons  storea  3  years  over  tne 
number  of  spots  for  cottons  stored  2  years,  in  only  one  case  was  this  in- 
crease important.     This  exception,  vmich  occurred  m  tiiC  xst  pj  cKing  cotton 
from  Mississippi,  lost  in  /c  years  BO  percent  oi  the  s^ots  visible  on  the 
surface  of  its  samples  in  i93o,  but  after  tmotner  3  years  m  Washington  the 
same  samples  regained  about  1:>  percent  oi  tneir  spots,  maicing  a  net  loss  for 
5  years  of  65  percent  as  compared  Viiith  an  80  percent  loss  lor  k;  years'  storage. 
The  1st  picking  of  Acala  cotton  haa  very  fev*  Sj,.ots  to  start  with,  and  lost 
practically  all  of  these  in  <=:  years.    At  the  end  of  3  years  it  had  regained 
enough  to  shov/  about  a  35  percent  net  loss^  as  comparea  witn  the  samples 
stored  in  the  field  for  the  entire  3  years  of  tne  test,  wnicn  showed  a  15 
percent  net  loss  during  that  period.     The  <^na  picxing  of  Acala  haa  more  spots 
than  any  other  cotton  tested,  and  in  <c  years'   storage  lost  only  about  50  ^jer- 
cent  of  the  spots,  regaining  vei^  i'ey\  by  I94I.     i'hose  held  in  ixeld  storage 
for  5  years  lost  only  about  15  percent  of  tnexr  spots.-    Tnere  seemed  to  be 
less  change  in  the  Pima  samples  tnan  in  the    otners,  for  in  2  years  they  lost 
only  about  50  percent  of  tneir  s^^ots.    For  some  reason,  possibly  a  coincidence, 
after  5  years  the  Pima  samples  that  were  stored      years  m  the  field  tnen  3 
years  in  imashington,  seemed  to  regain  inore  spots  than  those  tha.t  were  kept  in 
field  storage  lor  5  years. 

From  a  study  ol'  figure  3,  it  seems  reasonaole  to  su^.-..ose  tnat  the  cnant^e  in 
number  and  intensity  of  Spots  during  storage  uepends  to  a  consiaeraule  ex- 
tent upon  the  kind  of  cotton  stored,  j^ossioi,  u^jon  the  conditions  that  sur- 
rounded its  growth  and  harvesting,,  tne  degree  ol  development,  etc.    Among  tiie 
rain-grown  cottons,  it  seems  as  if  tne  <cnd  picking  lost  a  greater  percentage 
of  spots,  and  held  that  loss  to  a  greater  extent  than  aid  tne  1st  picking. 
But  again  tnis  jnay  be  a  coincidence.     (a11  cottons  in  tins  test  were  hand 
picked. ) 

57    See  figures  9  and  11. 
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Storage  by  Variety 


Figure  1.  —    Color  measurements  before  and  after  storage  for  each  variety 
studied.     Average  of  brilliance  and  chroma  measurement  for  each  lot,  accord- 
ing to  storage  period. 


INDEX 


,  Storagc  by  Variety 


Figure  2.  —  Increase  in  yellowness  after  storage  by  Tieual  cotaparison 
to  irhitest  box.    Average  for  each  variety  studied,  by  storage  period. 


PERCENT 
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Storage  by  Variety 


Figure  3«  ~  Number  of  spots  after  storage,  shown  as  a  percentage  of  number 
at  beginning  of  test.    Average  for  each  variety  studied,  by  storage  period. 
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Figure  4*  —  Color  measurements  before  and  after  storage.  Average  for  each 
storage  location  studied,  by  storage  period. 
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Storage  by  Location 


Figure  5.  —  Increase  in  yellowness  after  storage  by  visual  comparison  to 
whitest  box.    Average  for  each  storage  location  studied,  by  storage  period. 


?igure  6.  —  Number  of  spots  after  storage,  shown  as  a  percentage  of  number 
at  beginning  of  test.  Average  for  each  storage  location  studied,  by  storage 
period. 


The  next  three  fj.j-ures  (.4-0 j  refer  to  average  resuiti.^  lor  each  ol'  tiie 
storage  locatiotiir; ,  lor  it  is.  of  as  mucn  xntere^it  to  a.L,scover  whi.;taer  place 
of  storage  causes  a  diit erence  in  color  ana  nuuiber  of  spots,  as  it  xs  to 
Know  whether  various  kinds  and  varieties  of  cotton  cause  such  a  a.1.1  Terence . 

iigure  4-  is  a  parallel  cliart  to  figure  ,!,  except  tnat  tne  originai.  measure- 
ments are  the  saine  for  each  place  and  aj.^e  the.refore  ^i^iven  but  once  xn  each 
part  of  the  chart.  ^  ^s  was  trtie  for  figure  1,  li.gure  /+  snovijs  a  sligiit  ten- 
dency toward  a  drop  in  brilliance  vvhen  tiie  cottons  are  moasurea  after  stor^ige, 
but  only  in  one.  case  is  that  aifference  large;  enough  to  bb  significant,  mth 
this  one  exccj-jtion,  none  of  the  aifierences  are  large  linougn  to  EliOw  tnab 
location  of  storage,  has  any  effect  upon  tne  brilliance  C|ualit/  of  colo.r. 
AS  for  chroma,  the  story  is  quite  diiierent,  for  cottons  hela  for  ':>  years 
in  storage  at  such  points  as  Houston  (1-^.)  ,  Galveston  (11),  ana  i'<'iobiie  (7)  y 
show  much  greater  color  change  than  tnose  stored  at  Neiv  Bedford  (1),  New  • 
fork  (<) ,  V/ashington  (3),  i-^l  x^aso  (13),  <-^nd  S-^^n  ir^edro  (!:;)• 

A  chroma  step  of  O.I5  is  about  as  Sinall  as  one  can  oe  sure  of  seeing  when 
examining  cottons 5  we  iaigat  ■  therefore  c. jll.it  a  least  poi-ceptiDle  chroma 
change  for  cotton.    Taking  tnis  as  a  guioe  to  the  signil icance  oi  the  cnroma 
data  shovm  m  figure  4>  it  is  evident  tn.xt  f or  .^i  years'   storage  only  Houston, 
Galve'ston,  and  xiustm  siiov.ed  an  increase  in  chro^aa  of  moi  e  ■  ti:i.';cn  twice  this 
least  perceptible  step.     Cnroma  dirferences  after     years'   storage  at  New 
Bedi'-Ji'd,  j'lev,  Yurk,  .-j.nd       Faso  came  vvitiim  this  least  |./ei'ceptible  step.  At 
the  otic-r  locations  tne  variation  was  betvveen  1  and  <.  least  perceptible  steps. 
Therefore,  only  m  the  case  oi  Houston,  Galveston,  and  j-,ustin  \vv..,s  tne  color 
change  afi.er  2  years'  storagt-;  noticeable; .     In  neai'ly  all  cases,  the'  ciiroraa 
continued  to  increase  auring  the .folio ^xng  3  years,  but  tae  increase  in  cnroma 
in  samples  hcla  in  vi,..3tiii;.gton  for  the  3  ye^^rs  follovvmg  fielo.  storage  was  in 
all  cases  smal.I,  in  most  cases  not  more  than  the  least  perceptible  difference 
step  aefinea  above. 

Cottons  stored  in  the  field  lor  yeai's  snoweo  an  increase  m  color  of  less 
than  tv.ice  this  le^-st  perceptiole  aifi'erence  at  iiew  heafora  (l),  Viiasnington 

(3)  >  £i  Pas'-  (13),  ana  ban.  Pearo  (15),  ana  tnose  (;ottons  can  therefore  De 
said  to  aave  £.}\own  little  percepti&le  change,    an.  increase  of  inore  tha.n  tnree 
tj.mes  ta.i.s  aif ('.'-.rr-nce  was  shown  by  cottons  storea  for  'j  years  at  Caarieston 

(4)  ,  Mei'jp.iis  i-iooiie  (7),  New  Orxeajic  (B) ,  Aust.La  [■J),  iJalias  ,,10) ,  a. 
change  r'.ia"'^  is  entirely-  noti,'eaVle;  .-aid  uiore  tnan  four  tim.es  this  n il f >;;i'ence 
at  G.fl.ve-nborj  ( 11;  ar-a  ilnu-.-'toa  (12),  a  very  real  color  change,  noticeable  to 
an;- one     :e  mjgn,  iof-k  at  the  cotton. 

The  dir'.c+-ioa  .■c.C  leJ.  ti''e  ai.'.ount  of  caan^-.e  showLi  in  tae  ciiroma  plot  of 
figure  4       '■':-!l  s';ostii.r.tj,;rtea  "oy  the  a^.ta  for  visual  compai'isons-  snown  in 
figure     .     j'ne  order  of  difference  for  Mobile  (?)  ana  New  Orleans  (B)  seems 
to  De.  'w.e  oolj  r..-.il  ■^■evers^.J..     The  average  a^tcx  lor  visual  com^...rison  indi- 
cate that  cotoons  .storea  in  New  Orleans  (8)  changed  as  muca  as  tnose  stored 
in  G".lveston  (II)  ana  Houston  ,  but  the  coior  readings,  aitnough  taey 

sho-w  a  deii.nite  increas';;  for  cottons  stored  at  New  Urlev-ais,  do  iiot  sho\,'  quite 
this  amount. 


It  therefore  becoiaes  eviaeritj  Trom  u  stua^y  oi  Ixgures  i  and  ^       v^eii  c.s  3  <--*-na 
A,  that  there  is  a  generc^l  increase  in  aegree  oi  /eiicwiiess  ol  vrfiitc  .'ir  xii^iA, 
spotted  cottons  during,  storage,  ana  that  this  increase  varies  mure  in  rei.Ltion 
to  storage  point  than  it  aoes  in  rei^^.tion  to  Vcir xety .    iiithough  the  increv.>se 
in  color  is  more  pronounced  for  Ac^iia  tnan  tor  tne  other  varieties  oi  cottons 
studied,  there  v^as  increase  for  all  v:.i'ieties  at  several  storage  locations, 
this  increase  being  much  more  pronounced  lor  some  storage  points  ta-.n  lor 
others.     The  storage  locations  in  which  thxs  color  change  is  greatest  hcjve 
VyfCcther  that  is  often  hot  and  humia.     it  seems  reasomcble  to  suppose  tnat  nigh 
humidity  combined  .vitn  high  temperature  ;aay  be  the  cause,  or  may  be  associated 
vvlth  the  cause,  for  this  increase  m  color.    riVio.ontlj   tiie  cuuse  is  .;iot  iiigh 
temperature  alone,  nor  high  huiniaity  alone,  for  ii^l  Paso  and  jc'hocnix  lurve  nxgxi 
tc:nperu.tures  ivith  lov;  humiuity,  Vvhile  Wevv  Bedford  has  hign  numictity  uith  more 
modercite  te;nperatures .    .average  maximum  and  minimum  temperature  ana  relative 
humidity,  aata  taken  at  noon  for  the  period  of  storage  April  1-:^j;'D  to  April  l-;;4l 
by  the  United  States  V>'fe-ther  Bureau,  are  incluaed  in  table  ^  m  orae.r  to  give 
some  indication  of  vveatnor  at  those  ^joints.     Tac-  humiaity  d^-ta  sho^vn  aiv-;  for 
noon,  which  may  not  al/ays  tell  the  whole  stoiy,  as  m  tne  Ccse  of  Houston  ^nu 
Galveston.     If  the  d^ta  for  these  two  stor>.ige  points  iiad  been  ior  8:00  o-.m., 
they  would  shov;  houston  vifita  a  hit,iie.r  average  humidity  tnan  Gaiveston.  ivi-- 
dently  these  figures  are  not  entirely  i-evealing  —  but  the.;  give  some  maica- 
tion  of  relative  v^eather  conditions  out-of-aoors.     (-;onaitions  vvithin  a  wareiiouse 
may  differ  markedly  from  those  recorded  oy  tne  Vieatnei-  Dureau. 

The  relative  chan,.,e  in  number  of  spots  m  tne  cottons  storea  at  varicjus  loca- 
.tdons  is  shown  in  iigure  b.    ii.s  in  iagure  3?  a  parallel  cha.rt  for  t.ie  varieties 
studied,  figure  b  shows  a  great  decrec.cSe  m  nu;iuer  of  Sj-'Ots  after     years'  stoi- 
age,  and  again  there  generally  i\ere  more  spots  •..iter  o  years'   storage  biian  after 
2,  though  even  then  not  nea.rly  as  r.iany  as  there  \/ere  originally  .  Altnough 
there  seems  to  oe  a  slight  relation  between  aecr-c;u.se  in  nmnser  oi  s^jots  c^nu  tne 
locc^tion  of  storage,  j.t  is  not  nearly  so  ,na3?Kea  .i-s  tae  relation  between  the  ae- 
crease  in  number  of  spots  anu  tne  v.:.rit. ta.es  studiea,     it  aoes  Iook  ..lS  ii  cottons 
stored  in  Phoenix  (1-4)  lost  inore  Si^ots  c^^nd  hela  tn-.-.t  lose  .noi'e  consistently 
than  did  cottons  storea       <.>ny  other  j-oction,  out  there  is  no  trena  definite 
enough  to  make  sure  —  even  for  Phoenxx  —   ta...L  tae  resuit-s  of  anotiier  tzr.zt 
-would  sriovv  tile  S'xm:  order  of  aif  f -.rtrnce . 

indiviaual  i.iea si^reraen t s 

In  order  that  tne  reader  may  juage  for  aiinscli  just  nov.  mucn  variation  is  in- 
cluded in  average  results,  coloi'  a-.ta  for  mdiviaual  samples  urh  plottco  m 
figures  7-11. 

The  distribution  of  color  of  inuiv:j.aual  sam.jles  sc:gregotea  by  ist  and  ,.:na  picK- 
ings  of  varieties  studiea,  with  UlC  coae  number  for  tneir  locat.Lon  ino.icated 
for  each  group  of  data,  is  shown  m  figure  7.     Tae  d:-t:,  :..te  j.;lotted  on  small 
two-dimensional  color  charts,  brilliance  m  ...  vertical  directxou,  cnroma  in  a 
horizontal  direction.    On  sucn  plots  thv.^  color  relation  oi  cottons  can  best  be 
judged.     If  different  storage  locations  diect  color  aif  i  ert-.ntlj' ,  ana  if  that 
effect  is  generally  tiie  Sc-m^  for  all  cottons  storeu  L.t  a  sing.Le  j.j0int,  s.-.jnpies 
will  appear  m  relatively  tne  same  position  m  uaca  oi   bhe  sia...ll  ciiai'ts  of 
figure  7.     Tiiere  is  consicierablc  scatter  to  e-.ccn  set  of  aata,  ana  one  ;;iight 
tnerefore  stud>'  eacn^one  by  aravving  xwaginary  vertico.1  and  horii-ontal  linc;S 
through  the  center  of  each  groujj  oi  acts  so  th^t  ec^cn  gi'oup  is  axviaea  into 
reference  quarters. 
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Figure  7.  —  Color  oauur«aants  after  storage.    Distribution  by  varieties  of 
indiyldu&l  measurcmeats  of  saaples  stored  at  each  storage  point.    See  table  2 
for  code  nuBbere.    Each  sii»ll  plot  shows  distribution  by  brilliance  (verticel) 
and  chrosa  (horizontal). 
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Figure  8.  —  Increase  in  yelloimese  after  storage,  bj  visual  comparison  to  whitest  box* 
Distribution  of  individual  measurements,  by  varieties.     The  first  group  represents  23 
samples  of  each  variety  stored  2  years  in  the  field,  then  3  years  in  Washington;  the 
second  group  represents  43  samples  of  each  variety  stored  3  years  in  the  field. 
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Figure  9.  —     Number  of  spots  before  and  after  storage.    Distribution  of  individual 
measurements,  by  varieties.     The  upper  group  (1936|  1938,  194l)  represents  23  samples 
of  each  variety  stored  in  the  field  2  years,  then  in  Washington  3  years;  the  lower 
group  (1936,  1941)  represents  43  samples  stored  in  the  field  5  years. 
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71^ure  10.  —     Increase  In  yellowness  eifter  storage,  by  visual  comparison  to 
whitest  box.     Distribution  of  individual  measurements,  at  13  locations.  The 
first  group  represents  cottons  stored  2  years  in  the  field,  then  3  yeaxs  in 
Washington;  the  second  group  was  stored  3  years  in  the  field. 
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Figure  11.  —   Number  of  spots  before  and  after  storage.     Distribution  of  individual 
measuremontB,  at  I5  locations.     The  upper  group  (1936,   1938,  1941)  represents  cot- 
tons .ctored  in  the  field  2  years,  then  in  Washington  3  years;  the  lower  group  (1936> 
1941)  represents  cottons  stored  in  the  field  3  years. 


If  there  is  a  pronounced  effect  of  storage  on  color  criange,  then  tne  nambers 
representing  different  iocc^tions  v«iil  tenu  to  i.-.ii  in  tne  Sc-.me  lel^itive  posi- 
tion on  each  chart.    Lxtremes  are  -ti-l  Piiso  (ij)  ,  wnicn  is  gener-xiiy  in  tne 
lower  or  upper  left  quarter  oi'  the  cnart,  New  Beaford  (1),  generally  in  tne 
lower  or  upper  left  quarter,  Houston  (1<:),  generally  m  the  right  upper  or 
lovjer  quarter,    Jjecuuse  chroma,  rather  than  brilliance,  is  the  coloi'  f;-ctor 
most  affected  by  storage,  tne  samples  vviil  fall  more  definitely  to  the  right 
or  left  of  the  imaginary  vertical  line  ■  tnan  they  will  above  or  belovv  tne 
imaginary  horizontal  line.    Although  there  is  much  scatter,  it  is  nevurtne- 
less  not  difficult  to  see  how  well  the  average  results  m  figures  1  ana  4 
represent  the  data. 

Tne  distribution  of  individual  judgments  of  mcreast;  in  yellowness  is  shown 
in  figure  8  Dy  varieties  and  in  figure  10  by  locations,    bmce  there  were 
boxes  returned  after  2  years'  storage  in  the  field,  ana  4i)  boxes  alter  5 
years'   storage  in  tne  fiela,  in  figure  8  the  number  of  inaiviaucil  dots  in 
each  sub-group  for  the  cottons  stored  in  the  I'leld  <.  years  (af tervVc^rds  stored 
in  Washington  3  years)  is  <3 >  for  the  cottons  stored  m  the  field  5  years, 
the  number  of  dots  is  45.    In  f  igure  10  the  number  oi'  dots  m  eacn  sub-group 
is  YfL  times  tne  number  of  boxes  returned  after  storage  at  a  given  location 
(1^  samples  to  each  box) .    The  dots  representing  individual  samples  stored 
2  years  in  the  field  total  1<:  or         dots  representing  samples  stored  5  years 
in  the  field  total  ^4  to  4^'-^  (table  2  eXj.;lains  vi/hy  tne  same  number  of  boxes 
were  not  returned  iroia  each  loccttion)  ,    For  convenient  reference,  the  total 
number  of  samples  returned  at  each  point  is  placed  on  figures  10  ana  11.  Tne 
aistribution  of  indiviaual  observations  shown  in  figures  8  ana  10  snoula  be 
compared  witn  the  average  results  m  figures  ^  and         It  can  be  seen  that 
the  average  data  represent  tne  individa'xl  data  very  well,  and  tnat  color  change 
is  more  definitely  associated  with  location  of  storage  tnan  v<ith  the  variety 
stored. 

Tne  distribution  of  tne  number  of  spots  in  inalvidu..l  samples  is  shown  in 
figure  V  by  varieties,  ana  m  ligure  11  by  storage  location.     Soine  cottons 
hd.d  less  spots  than  others,  as  may  be  seen  by  the  relative  distribution  for 
each  variety  and  picking.    This  difference  is  not  shown  m  tne  averages  in 
figure  3  since  for  ease  of  comparison  those  coverages,  as  well  as  those  in 
figure  0,  are  shewn  as  a  percentage  oi  cnange  in  naroDer  of  'spots.     m  figures 
V  and  11,  the  actual  number,  as  well  as  relative  chan^,e,  can  be  seen  oy  in- 
specting the  chart.     Since  tnere  are  23  samples  in  tne  group  stored  ^  years 
in  the  field  and  4/)  samples  m  the  group  stored      years  m  the  field,  the 
number  of  dots  in  each  sub-group  of  figure  V  will  total  o  ana  4'>,  as  tney 
did  for  ligure  8j  the  dots  in  figure  11  will  total  tne  sajiie  as  tney  aia  for 
figure  10.    i^ven  a  casual  insjjection  ol   bhe  cnai'ts  shows  the  results  to  be 
as  presented  by  the  averagu  figures^  that  is,  the  aegree  ol  cnange  in  number 
and  intensity  01  spots  during  storage  seems  deteriamea  laore  by  tne  variety 
stored  than  by  the  storage  location. 


-  lo 


b&rnpies  representing  six  well  known  comiaerciiii  varietxes  ci  cottons,  1st 
and  2nd  pickings  of  ei.ch,  graaea  vvnite  or  light  spottea,  v/ere  obtainea  in 
quantities  large  enough  to  prepare  re^jlicate  boxes.  .  Tne  sa,.'ij^jles  were  put 
up  like  the  grade  stanaards  with  tue  sa/ae  position  in  eaoii  box  containing 
Girailar  cottons.    These  boxes,  in, groups  ol  three,  y.ere  distributea  to  lt> 
locations,  from  New  Bedford,  iviass.,  to  San  Pedro,  Calii,  lor  oil  ice  ana  ware- 
house storage.    After  2  years'  storage  one  box  of  .eacii  group  w^s  recalled 
from  each  storage  place;  tiie  rcnaining  ti/»o  boxes  v.ere  recaiiea  after  $  years. 
On  recall,  each  sample  vvas  raecisiu-ea  lor  color,  anci  all  Sj^ots  were  counted  and 
compared  with  marKed  pnotographs  of  the  original  samples,    nt  tne  end  of  the 
test,  visual  comparisons  of  all  samples  vjere  maae  against  the  box  tnat  uad 
changed  the  least. 

Results  of  the  test  are  snown  in  a  series  oi  ciiarts.     The  outstanding  dif- 
ference siiown  by  color  mtsasuri-iivient  of  tiie  samples  is  tne  increase  m  caroma 
(a  measure  of  the  general  increase  in  depth  of  yellowness)  for  ail  varieties 
of  cottons  that  v/ere  stored,    i^xcept  for  the  Acala  cotton  included  in  the 
test,  this  increase  vvas  not  so  great  for  tae  fii'st      years  oi  storage,  but 
it  was  quite  significant  for  all  varieties  after  5  ^ears.    Tne  a±rection  of 
change  was  the  same  in  all  cases,  but.  on  the  whole  the  ^ina  picking,  except 
for  Acala,  did  not  change  quite  as. much  as  tne  1st  picKing.    i.ocation  of 
storage  had  a  gr<5at  deal  to  ao  with  tiie  aegree  of  cnroiaa  cnange,  cottons 
stored  5  years  at  nouston,  Galveston,  and  iviobile  shovv  much  more  change  tnan 
those  storea  at  Wew  Bedford,  Nevv  lork.,  i/»ashington,  i-l  Paso,  ana  San  i^earo. 
Tnere  was  a  noticeable  change  even  for  2  years'   storage  ftt  Houston,  Galveston, 
and  Austin,     lata  for  visual  comparison  substantia  tea  the  results  snown  by 
chroiiia  measurements,  •       .  ■ 

The  change  m  number  and  intensiv  of  spots  was  consiaerea  apart  froiii  tne 
change  in  general  bacKt^i'Ouna  color .    All  tne  cottons  stuaied  lost  a  nigh  per- 
centage of  their  spots  within  <.  years,     Tney  seeinea  bo  e,ain  a  few  aui-ing  the 
next  3  years,  but  not  enough  to  equal  or  even  approci.cn  the  number  tn^^t  each 
had  at  the  beginning  of  the  test,     in  airect  contrast  to  tiie  results  for 
change  in  oacxgrouna  color,  the  cuant,e  Mth  respect  to  spots  during  storage 
seems  to  depena  more  upon  the  kind  or  variety  of  cotton  stored  than. upon  the 
location  of  storage.     •  ■ 


